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PREFACE  TO  FIRST  EDITION. 


The  sixth  volume  of  the  series  of  Special  Reports  on  the  Mineral  Resources  of 
( Jreat  Britain  is  devoted  to  the  first  part  of  an  account  of  the  materials  which 
are  worked  for  refractory  purposes  in  Great  Britain.  It  deals  \\-ith  the  siliceous 
rocks  used  in  the  manufacture  of  silica-bricks  and  ground  ganister,  and  with 
the  sands  that  are  suitable  for  use  in  open-hearth  steel-furnaces.  Dolomite, 
wliich,  as  a  basic  refractory  material  of  great  importance  in  the  steel  industry, 
also  comes  up  for  consideration,  is  dealt  with  in  a  separate  section  of  the  volume. 

The  world-Avide  application,  not  always  in  a  correct  sense,  of  such  names  as 
J)inas  Brick  and  Ganister  Brick  indicates  not  only  that  the  birthplaces  of  the 
iiulustries  lay  in  South  Wales  and  Yorkshire,  but  that  the  products  served  as 
types  which  were  generally  recognised.  It  is  satisfactorj'  to  note  that  the  raw 
niaterials  for  these  products  are  abundantly  distributed  through  a  considerable 
part  of  the  British  Isles.  On  the  other  hand  the  home  occurrences  of  some 
other  refractory  materials,  such  as  graphite,  chromite,  magnesite,  bauxite,  etc., 
are  meagre  and  far  from  equal  to  the  demand. 

The  field-work  upon  which  the  following  pages  are  based,  proceeded  upon  the 
same  general  lines  as  in  pre\-ious  investigations  of  the  Mineral  Resources  of 
fJreat  Britain.  Enquiries  were  made  in  the  first  place  from  the  manufacturers 
and  chief  users  of  refractory  products  in  order  to  ascertain  the  trade  require- 
ments, and  these  were  followed  by  an  examination  of  every  mine  or  quarrj^  in 
wliich  the  raw  material  is  produced.  The  reports  made  by  the  field-staff  include 
information  on  the  geological  age  and  mode  of  occurrence  of  the  rocks  used, 
the  method  of  working,  a  consideration  of  the  resources,  notes  on  the  facilities 
for  transport,  etc.  At  the  same  time,  upwards  of  2,000  specimens  were  collected 
for  exhibition  and  examination.  The  laboratory  work  has  included  petro- 
graphical  examination,  not  only  of  the  specimens  of  the  raw  materials,  but  of 
the  finished  products  and  of  bricks  which  have  been  usetl  in  furnaces,  with 
a  view  to  determining  the  constitutional  changes  which  result  from  subjection 
to  high  temperature. 

Selected  specimens  of  the  raw  materials  have  been  analysed  in  the  Geological 
Survey  Laboratory,  and  upon  a  number  of  them  refractory  tests  have  been 
made  by  JJr.  J.  W.  Mellor  for  the  (Geological  Survey.  The  accounts  of  fire- 
clays, moulding  sands,  etc.,  and  the  details  of  the  laboratory  work  on  refractories 
generally,  will  form  the  subjects  of  succeeding  parts  of  the  Memoir. 

An  investigation  of  so  comprehensive  a  character  called  for  the  exclusive 
attention  of  all  the  available  members  of  the  staff.  The  sands  of  Buckingham- 
shire, Bedfordshire,  Norfolk  and  East  Yorkshire,  which  are  used  or  seem  to  be 
usable  for  furnace  purposes,  were  reported  on  by  Mr.  Lamplugh.  In  the 
north-east  of  England  with  Leicestershire,  which  was  in  the  charge  of  Dr. 
(Jibson,  the  silica-rocks  and  ganlsters  of  the  West  Riding  of  Yorkshire  were 
investigate*!  by  him,  those  of  the  North  Riding.  Durham,  Northumberland 
and  Derbyshire  by  Mr.  Wedd,  wliile  the  occurrences  of  dolomite  and  some  other 
refractory  materials  in  Nottinghamshire,  Yorkshire  and  Durham  and  Warwick- 
shire were  dealt  with  by  Dr.  Sherlock.  In  the  west  of  England  and  in  Wales 
the  work  was  supervised  by  Mr.  Cantrill.  Mr.  Cantrill  e-xamined  the  silica-rocks 
and  fireclays  of  South  Staffordshire  and  of  the  North  Worcestershire  district 
near  Stourbridge,  part  of  the  Buckley  district  in  Flmtshire,  part  of  Cheshire  in 
the  neighbourhood  of  Stockport  and  the  south-east  of  Lancashire,  together  with 
the  dolomite  and  silica-rocks  of  the  Forst  of  Dean,  Monmouthshire  and  parts 
of  South  Wales.  Mr.  Dewey  assisted  in  the  Stourbridge  district  and  ^•isited  the 
Coalbrookdale  and  Shrewsbury  districts.  Anglesey,  the  south-west  of  Lancashire 
and  parts  of  South  Wales.  IVIr.  Smith  took  paVt  in  tlie  Stourbridge  district 
and  investigated  the  dolomite  near  Oswestry,  the  ganisters,  silica-rocks  and 
fireclays  of  JJenbighshire.  Flijitshire,  Cumberland,  north-east  Lancashire  and 
Ingleton.  Mr.  Pringle  assisted  in  the  examination  of  silica-rocks  and  dolomites 
in  South  Wales  and  the  Forest  of  Dean.  Mr.  Howe  gave  his  assistance  to  the 
field-stiiff  in  several  districts,  both  m  the  north-east  and  west  of  England, 
and  himself  reported  on  the  occurrences  of  crowstones  in  Cheshire  and  Stafford- 
shire, and  on  the  sand  and  day-pits  in  the  Peak  District  of  Derbyshire. 


In  Scotland  the  work  was  under  the  supervision  of  Mr.  Hinxman.  He  himself 
reported  on  the  quartzites  of  Jura,  Islay  and  the  Western  Highlands,  and  on  the 
dolomite  of  West  Argyllshire  as  potential  sources  of  refractory  material. 
Together  with  Mr.  Macgregor,  he  also  examined  the  ganisters,  siliceous  sandstone 
and  fireclays  of  the  Central  Valley  of  Scotland.  Mr.  Macgregor  visited  the 
Campbeltown  sandstone,  now  being  used  for  furnace-sand.  Mr.  Wilson  reported 
on  the  sUiceous  sandstones  and  fireclays  of  Jsorth  Ayrshire,  and  Dr.  Flett  on  the 
radiolarian  cherts  of  the  Ayrshire  coast.  Notes  on  similar  cherts  in  the  Clyde 
Valley  were  contributed  by  the  late  Dr.  Clough. 

The  petrographical  examinations  have  been  made  by  Dr.  Thomas  and  the 
chemical  analyses  by  Mr.  Radley. 

The  difficult  task  of  editing  MSS.  contributed  by  so  many  authors  and  covering 
so  wide  a  field,  has  been  performed  by  Mr.  Howe.  In  its  arrangement  the  present 
volume  conforms  with  the  scheme  adopted  for  other  '  Special  Reports  ' ;  the 
introductory  chapter  gives  a  general  account  of  the  raAv  materials,  their 
geological  age,  characters,  distribution  and  uses,  while  the  remaining  chapters 
are  devoted  to  detailed  descriptions  of  the  working  or  potential  working  of 
the  raw  material. 

There  remains  only  the  pleasing  duty  of  expressing  our  thanks  for  assistance 
rendered.  The  important  contribution  made  by  Dr.  Mellor  has  been  mentioned, 
but  space  will  not  permit  me  to  enumerate  the  many  firms  and  individuals  to 
whom  we  are  indebted  for  assistance  in  the  field.  It  must  suffice  to  say  that  we 
have  had  every  facility  given  us,  and  have  even  been  personally  assisted,  by  all 
to  whom  we  had  occasion  to  apply,  in  all  parts  of  the  country.  Of  especial 
value,  too,  have  been  the  conferences  on  Refractories  which  have  been  organised 
by  the  Faraday  Society  and  presided  over  by  Sir  R.  H.  Hadfield,  F.R.S. 

A.  Strahan, 

Director. 
Geological  Survey  Office, 
28,  Jermyn  Street, 

London,  S.W.  1. 

llih  Julij,  1917. 


PEEFACE  TO  SECOND  EDITION. 


In  the  preparation  of  a  second  edition  of  this  Memoir,  Mr.  Howe,  as  editor, 
has  taken  advantage  of  the  opportmiity  to  insert  a  few  corrections  and  additions, 
but  in  the  main  the  descriptions  of  the  occurrences  remain  as  they  were  written 
in  1917,  the  field  staff  having  been  engaged  on  other  investigations  since  that  time, 
and  no  re-examination  of  the  mines  and  quarries  having  been  possible.  A 
Memoir  giving  the  chemical  analyses,  refractory  tests  and  petrological  descrip- 
tions of  the  refractory  materials  described,  and  form.ng  Vol.  XV^I.  of  the 
'  Special  Report?,'  is  passing  through  the  press. 

We  have  to  acknowledge  valuable  suggestions  made  by  Mr.  Job  Holland, 
Dr.  Alexander  Scott  and  Mr.  F.  Russell,  during  the  preparation  of  this  edition. 


Geological  Survey  Office, 
28,  Jermyn  Street, 

London,  S.W.  1. 

31st  July,  1919. 


A.  Strahan, 

Director. 


CHAPTER   I. 
SILICA-ROCK  AND  GANISTER. 

INTRODUCTION. 

Silica. — Silica  is  cue  of  the  most  abundant  components  of  the 
earth's  crust.  It  has  been  estimated  to  constitute  no  less  than 
59  per  cent,  of  the  whole  mass,  12  per  cent,  of  which  is  in  the 
form  of  quartz;  it  occurs  in  a  free  condition  in  several  distinct 
forms,  also  in  combination,  forming  silicates  in  great  variety, 
some  of  which  are  of  prime  importance  as  rock-building  minerals. 

Silica,  though  such  a  common  substance,  nevertheless  requires 
much  care  and  experience  in  its  selection  for  the  numerous  indus- 
trial purposes  to  which  it  is  applied.  Its  mode  of  association 
with  other  mineral  substances  has  much  influence  on  its 
applicability  for  specific  purposes,  and  even  when  obtained  com- 
paratively pure,  minute  differences  in  its  physical  conditiou  may 
introduce  difficulties  in  the  way  of  its  employment. 

The  most  important  sources  of  silica  exist  in  the  deposits  of 
(quartz-sands,  sandstone,  grit  and  quartzite  which  occur  in  all 
parts  of  the  world.  Tlie  amount  and  kind  of  mineral  matter 
other  tlian  quartz  in  these  deposits  usually  determines  the  suit- 
ability or  otherwise  of  the  material  as  a  source  of  silica.  Veins 
of  crystalliue  (juartz.  whirli  have  been  formed  by  a  set  of  jirocesses 
quite  different  from  those  which  dejjosited  the  bedded  sandstones, 
etc.,  yield  silica  for  a  limited  number  of  purposes.  Flint  and 
Chert — chalredonic  forms  of  silica  in  which  minutely  ciystalline 
is  associated  with  amorphous,  colloidal  silica — have  a  variety  of 
apjdications  in  the  arts  and  manufactures.  Diatomite,  or 
Kieftelg^ihr,  a  deposit  composed  of  the  siliceous  framework  or 
skeletons  of  microscopic  plants,  fulfils  many  useful  purposes. 
(rt'iisevifc  or  Silireovs  Sinter,  a  form  of  silica  deposited  by  hot 
springs,  is  a  material  which  may  possibly  be  more  widely  used 
than  it  is  at  present. 

Materials  for  Silica  Bricks.—  lu  Great  Britairi  the  "  silica  ' 
employed  in  the  manufacture  of  silica-brick  may  be  '  ganister 
rock,'  '  Dinas  rock,'  ([\iartzite,  siliceous^  sandstone,  quartz-schist 
or  conglomeratic  quartzite.  Chemically,  the  best  of  these  rocks 
are  much  alike,  they  all  have  a  high  content  of  silica,  92  to  90 
per  cent.,  and  a  low  content  of  alumina,  iron  oxides,  alkalies  and 
alkaline  earths.    In  texture  they  exhibit  greater  variety. 

These  rocks  all  have  as  their  basis  sand-grains  of  quartz  derived 
from  ])re-existing  quartz-lxaring  rocks,  and  have  been  deposited 
at  one  geological  epoch  or  another  in  the  form  of  loose  sand.    The 


1  The  tornis  "  calcareous,'  '  femiginous,'  '  siliceous,'  '  argillaceou.s,'  applied  to  sand- 
atones  refer  to  the  interstitial  matter  .-  '  quartzose,'  '  fclapathic,'  '  micaceous,'  refer  to 
the  sand-grains. 

(566.)     Wt.        — T'J.     750.     S;20,    J.  T.  &  S.,  Ua,    G.  14. 
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jjrocess  tliat  produced  a  hard  compact  rock  lias  followed  later ;  it 
may  have  been  slow  or  rapid,  complete  or  incomplete.  When 
the  process  of  compacting-  the  loose  sand  has  been  most  complete 
and  the  original  sand-grains  are  firmly  and  uniformly  united  by 
silica,  we  get  a  Quartzite.  A  quartzite  may  be  fine  or  coarse- 
grained ;  if  it  contains  a  large  proportion  of  quartz-pebbles  it  is 
called  a  Conglomeratic  Quartzite .  The  silica  which  binds  together 
the  grains  of  a  quartzite  is  said  to  be  '  secondarj^ ' ;  it  may  have 
been  derived  from  the  partial  solution  of  the  primary  grains,  or 
introduced  from  without  b}^  silica-bearing  solutions  passing 
through  the  mass.  A  highly  siliceous  sediment  that  has  suffered 
from  shearing  or  from  some  other  metamorj)hic  agency  may  be 
transformed  into  a  Quartz-schist  or  a  Quartz-granulite . 

Ganister. — The  source  and  original  meaning  of  this  word  are 
obscure;  no  doubt  at  first  it  had  a  perfect^  clear  significance 
when  employed  in  certain  districts  (Yorkshire  and  Derbyshire)  by 
the  local  miners  and  quarrymen,  in  common  with  a  score  of  other 
miners'  terms  which  are  quite  intelligible  in  one  district  but  in- 
comprehensible in  another.  It  was  formerly  a  favourite  road- 
stone  in  parts  of  Yorkshire,  Derbyshire  and  Lancashire,  and  is 
still  employed  for  this  purpose.  "  IJnfortunately  t'  rooad  . 
had  been  newly  ganister'd." — Hallani,  '  Wadsley  Jack'  (1881). 
Another  provincial  word  frequently  used  for  the  same  kind  of 
rock  is  'galliard,'  or  '  calliard.'     (See  also  '  Crowstone,'  p.  80.) 

The  importance  of  certain  '  ganister  '  beds  as  refractory  material 
has  rapidly  extended  the  use  of  the  name  and  given  it  a  cosmo- 
politan circulation.  As  a  natural  result  the  word  is  loosely  em- 
ployed and  not  infrequently  misused;  all  sorts  of  rocks  capable 
of  being  manufactured  into  silica-  and  siliceous-brick  have  been 
called  ganister  because  it  was  the  fashion  to  do  so ;  for  example, 
sandstone,  siliceous  shale,  and  sandy  clay  have  been  misnamed  in 
this  way  in  different  parts  of  the  country. 

It  is  desirable,  therefore,  to  indicate  as  clearly  as  possible  what 
ganister  rock  is.  Fortunately  the  source  of  the  original  ganister 
is  not  in  doubt ;  it  was  first  used  as  a  refractory  and  attains  its 
most  perfect  development  in  the  Sheffield  district  of  Yorkshire, 
and  it  is  the  Sheffield  Ganister  which  must  be  taken  as  the  type. 

The  true  ganister-rock  is  so  characteristic  of  a  definite  horizon 
in  the  Lower  Coal  Measures  of  the  Sheffield  district  (see  p.  15) 
that  the  name  Ganister  Group  has  been  adopted  for  the  series 
of  strata  in  which  the  rock  occurs;  and  though  the  quality  of  the 
rock  changes  as  it  is  traced  beyond  this  district,  it  prevails  with 
fairly  constant  characters  over  a  wide  area  in  South  Yorkshire, 
Lancashire  and  North  Derbyshire. 

The  next  step  is  to  decide  in  what  way  the  term  ganister  may 
be  legitiinately  applied  to  rocks  outside  the  Sheffield  district.  Is 
the  criterion  to  be  {a)  the  geological  horizon,  (&)  physical  (petro- 
logical)  characters,  or  (c)  trade  custom? 

(o)  If  it  were  attempted  to  restrict  the  name  ganister  to  the 
rock  found  in  the  '  Ganister  Group  '  of  the  Lower  Coal  Measures 
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a  difficulty  would  at  ouce  arise  tlirougli  the  fact  that  rocks  occur 
at  other  geological  horizons  whi(di  resemble  the  Sheffield  ganister 
so  closely  that  this  mode  of  classification  would  break  down. 

(6)  For  practical  purposes  ganister  must  be  defined  in  terms  of 
its  physical  characters,  the  type  being  based  on  the  best  Sheffield 
ganister. 

(c)  An  endeavour  to  assimilate  the  usages  of  the  trade  could 
have  but  a  negative  result  because  the  term  ganister  has  been 
applied  to  rocks  possessing  totally  dift'erent  characters. 

Definition  of  Ganister. — No  strict  and  sliort  d'^finition  of 
ganister  seems  to  be  possible  in  the  present  state  of  knowledge, 
(lanister  is  a  highly  siliceous  bedded  sedimentary  ruck  that 
resembles  a  quarlzite  in  general  characters.  It  is  a  compact  rock 
with  a  very  fine  and  even  granular  texture.  It  is  composed  of 
sub-angular  quartz-grains  usually  of  from  0"5  to  0'15  mm.  in 
greatest  dimensions,  closely  packed  together  and  cemented  with 
secondary  silica.  Typically  the  rock  contains  no  apjireciable 
quantity  of  mica,  felspar  or  carbonates.  It  is  hard  and  on  fractiire 
tends  to  give  rise  to  smooth  sub-conchoidal  surfaces  and  sharp 
edges.  In  colour  it  is  pale  grey  to  dark  grey  (blue  or  black),  it 
is  often  iron-stained  along  joints  and  cracks,  and  usually  contains 
carbonaceous  streaks  and  patches  that  represent  casts  or  impres- 
sions of  rootlets.      (See  '  Pencil-ganister,'   p.   49.) 

In  its  typical  form  ganister  is  distinguished  from  all  other 
(juartz  rocks  in  general  use  for  refractory  purposes  by  the  fine- 
ness, angularity,  and  even  grade  of  the  original  quartz-junticles, 
and  by  its  splintery  fracture.  It  .is  distinguished  from  flint  and 
chert  by  its  more  granular  texture  and  by  the  relatively  small 
quantity  of  chalcedonic  or  amorphous  silica. 

True  ganister  is  most  often  found  as  part  of  the  '  seat-earth  '  of 
a  coal-seam,  but  the  coal  may  be  represented  by  a  mere  film  of 
smut  or  it  may  be  absent  Laterally  and  vertically  ganister 
rock  frequently  passes  into  a  siliceous  fireclay,  or  into  a  variety 
known  as  'bastard  ganister.' 

The  term  '  bastard  ganister  '  has  been  a]iplied  to  a  group  of 
silica-rocks  which  present  many  of  the  su])erficial  characters  of 
the  true  ganister,  such  as  colour  and  the  imjiressions  of  rootlets, 
but  differ  in  certain  essential  details,  namelv  in  the  increased 
amount  of  interstitial  matter,  the  greater  variability  of  texture, 
and  often  in  a  relatively  incomplete  secondary  silicification. 

It  has  become  a  practice  to  call  other  sandstones  and  quartzites 
which  are  capable  of  employment  for  silica-brick  making,  '  silica- 
rocks,'  to  distinguish  them  from  the  true  ganisfers. 

Flint. — Flint  was  employed  at  an  early  date  in  making 
'  silica-brick  '  (really  a  siliceous  brick)  in  Scotland;  it  was  at  first 
obtained  from  Antrim,  in  Ireland ;  later  it  was  imported  from 
the  Thames,  and  to  a  certain  extent  from  the  northern  coasts  of 
France.     The  flint  was  calcined  in  shaft  kilns  (see  p.  149). 
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All  the  English  flint  comes  directly  or  indirectly  from  the 
Chalk  formation,  and  it  occurs  most  abundantly  in  the  Upper 
Chalk  of  the  southern  and  eastern  counties.  There  are  three 
principal  sources  of  flint,  each  yielding"  material  of  somewhat 
diflerent  cliaracter :  (a)  '  Pit  '  or  '  Chalk  '  flints,  obtained  from 
the  quarries  as  a  by-product  in  the  working  of  chalk  for  cement, 
lime,  whiting,  etc. ;  at  Nortlifleet,  Swanscombe,  Ureenhithe, 
Rochester,  and  Faversham,  in  Kent  ;  at  Grays,  West  Thurrock, 
and  Purfleet,  in  Essex;  Newhaven,  in  Sussex;  Fareham,  in 
Hampshire;  Quidhampton,  in  Wiltshire;  Harefield,  in  Middle- 
sex ;  Caversham,  in  Oxfordshire ;  near  Hertford,  in  Hertfordshire ; 
Thixendale  and  Middleton-on-the-Wold,  in  Yorkshire;  Brandon, 
in  Sulfolk.  These  flints  are  irregular  nodular  lumps,  usually 
black  or  grey-hearted,  and  often  with  some  adherent  chalk, 
(b)  '  Gravel '  flints  occur  in  river-terraces  and  glacial  deposits  in 
the  south  of  England,  from  Devon  on  the  west  to  Norfolk  on  the 
east.  These  have  been  derived  from  the  chalk,  and  are  smaller 
on  the  whole  than  pit-flints,  and  are  slightly  worn  and  iron- 
stained.  They  are  obtained  at  numerous  pits  in  Kent,  Surrey, 
Middlesex,  Herefordshire,  Buckinghamshire,  Esses,  Norfolk, 
Suffolk  and  Devon.  (c)  '  Shore  '  or  '  Boulder  '  flints  are  well- 
rounded,  clean  flint-pebbles  found  on  the  seashore  at  numerous 
places  on  the  south  and  east  coasts,  for  example,  in  Dorset,  and 
at  Newhaven,  Rye,  and  Shoreham. 

Flint  is  almost  a  pure  silica,  fair  samjDles  of  the  raw  stone  con- 
tain 98  per  cent.  SiOj.  It  differs  from  crystalline  quartz,  how- 
ever, in  its  physical  condition ;  it  is  composed  mainly  of  silica  in 
an  extremely  fine  crystalline  condition  (cryptocrystalline),  set  in 
colloidal  silica,  which  makes  up  about  1'5  to  2  per  cent,  of  the 
rock.  The  behaviour  of  flint  on  being  heated  is  different  from 
that  of  quartz,  for  the  changes  in  the  case  of  flint  take  place 
much  more  rapidly.^ 

This  fact  is  of  considerable  importance  in  the  manufacture  of 
articles  in  which  the  silica  has  to  be  fired  to  such  an  extent  as 
to  bring  about  its  maximum  permanent  expansion ;  this  will  be 
further  discussed  in  Volume  XVI.  of  the  '  Special  Reports.' 

Chert  is  a  rock  closely  resembling  flmt  in  its  composition  and 
mode  of  occurrence ;  it  is  found  most  commonly  in  nodular  layers 
in  the  Carboniferous  Limestone  of  Derbyshire,  Yorkshire, 
Durham^  Northumberland,  and  in  North  Wales,  also  in  certain 
parts  of  the  Upper  Greensand  and  Portlandian  formations.  Chert 
has  been  worked  by  mining,  for  grinding-blocks  at  Bakewell, 
Derbyshire,  and  is  quarried  near  Holywell  and  Prestatyn,  in 
Flintshire,  but  in  limestone  quarries  the  cherty  beds  are  often 
avoided.  Chert  from  near  Ffrith,  Denbighshire,  was  formerly 
used  in  that  district  for  silica-brick,  and  there  is  a  great  develop- 
ment of  the  rock  in  the  Halkin  Mountain  (see  p.  190). 

Distribution  and  Geological  Age  of  the  Raw  Materials.— Siiica- 
rocks  are  not  confined  to  one  geological  horizon,  as  the  following 

1  For  a  discussion  of  this  subject  see  J.  W.  Mellor  and  A.  J.  Campbell,  '  Studies  on 
Flint  and  Quartz.'     Trans.  Eng.  Ceramic  Soc,  xv,  1915-16,  pp.  76-116. 
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table  sliows,  though  the  majority  oi  the  best  rocks  are  obtained 
from  the  Carbonil'erous  formations:  — 


Geological  Formation. 

Pocket  deposits  (Carboniferous 
and  Triasnic  material). 

Tertiary 

Jurassic — 

E.stuarine  Series 

Tei.\ssic — 
Rhaetic  ... 
Bunter  Pebble  Beds^ 

Carboniferous — 

ADddle  Coal  Measures 


Lower  Coal  Measures 


Rock. 
Argillaceous  Sand 

Quartzite    . . . 


Silica-rock  and  Bas- 
tard-ganister. 


Millstone  Grit 


Carboniferous  Limestone  Series 


Calciferous  Sandstone  Series 

Old  Red  Sandstone — 
(Upper) 

Ordovician  

Cambrian 

Pre-Cambrian     


Sandstone  ... 
Quartzite     ... 

Sandstone  ... 

SiUca-rock 

Sandstone   ... 
Sandstone   ... 
Canister  and   Sand- 
stone. 
Canister 
Sandstone   ... 
SiJica-rocks 


Situation. 

Peak  District,  Derbyshire. 
Flintshire  and  Denbigh- 
shire. 

Buckingham-shire  and  Berk- 
.shire. 

Commondale,  North  York- 
shire. 

South  Wales. 

Midlands  and  Yorkshire. 


Quartzose  Conglo- 
merate. 
Quartzite     ... 


Cumberland. 

Derbyshire. 

Shropshire. 

GfOrnal,  S.  Staffordshire, 

N.  Lancashire  and  Derby- 
shire, Durham. 

S.  Yorkshire. 

Dumfriesshire. 

Cumberland,    Derbj'shire, 
S.     Wales,     X.     Wales, 
Durham,  Central  Valley 
of  Scotland,  A>Tshire. 

Peebles,  Edinburgh,  Had- 
dingtonshire, Lanark- 
shire, Ayrshire,  Durham 
and  Northumberland. 

Fifeshire. 


Ayrshire,  South  Wales. 

Shropshire. 

Warwicksliire  and  Wor- 
cestershire. 

Anglesey,   Argyllshire,  and 
W.  Inverne.ss-shire.. 


The  gauisters  aud  silica-rocks  used  in  the  different  manufactur- 
ing centres  are  described  subsequently.  In  the  more  important 
centres  the  local  stones  are  the  principal  ones  employed,  but  even 
there,  some  firms  import  stones  for  mixing  purposes. 

In  the  Sheffield  and  South  Yorkshire  district  llie  local  ganister 
constitutes  the  bulk  of  the  material  used,  but  other  stones  are  also 
introduced  (see  ]).  17).  While  it  is  generally  admitted  tliat  there 
should  be  some  Hard  Mine  Ganister  in  a  first-class  silica-brick, 
opinions  difl'er  as  to  the  value  of  individual  silica-rocks  other  than 
ganister,  one  firm  preferring  a  stone  from  one  source  and  rejecting 
that  from  another  used  elsewhere.  There  are  firms  making  use 
of  materials  from  as  many  as  five  or  six  dift'orent  sources  to 
which  are  added  varying  proportions  of  Hard  ^line  (i;niister  from 
underneath  the  Hard  Mine  Coal. 

In  South  Wales  and  North  Wales  the  local  rock  alone  is 
employed. 


*  Bunter  pebbles  from  Drift  deposits  are  used  for  Silica-bricks  m  the  Donca-stcr 
district.  The  deposits  are  scattered  irregiilarly  from  Selby  southward  and  are  worked 
at  Heck,  Retford,  B»\wtry,  etc. 
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Ill  the  Noi'tl) -Eastern  district  (Durham,  etc.)  there  is  no  single 
rock  that  is  regarded  as  essential  for  silica-brick  making,  though 
No.  12  in  the  tahle  (p.  36)  is  regarded  as  of  the  highest  qiialit}^; 
at  least  fifteen  difierent  stones  are  employed  for  the  purpose  and 
for  mixing  with  fireclay  for  '  ganister-brick.'  Of  these,  sometimes 
as  many  as  eight  diiferent  stones  are  mixed  in  various  proportions 
for  best  silica-brick,  and  but  rarely  is  such  brick  made  chiefly  or 
entirely  from  one  stone.  It  is  noteworthy,  however,  that  in  all 
mixtures  for  '  best  silica-brick  '  a  fairly  large  proportion  of  one 
or  more  of  the  true  or  bastard  ganisters  is  used.  Within  this 
district  the  relative  geographical  disposition  of  maniifactuiing 
centres  and  sources  of  raw  material  produces  an  effect  on  the  com- 
position of  the  different  bricks.  The  firms  situated  at  Crook, 
within  the  basin  of  Weardale,  in  which  nearly  all  the  Carboni- 
ferous ganisters  and  other  silica-rocks  employed  crop  out  and  are 
worked,  have  the  choice  of  a  great  variety  of  raw  material; 
whereas  firms  manufacturing  at  Middlesbrough  rely  largely  on 
local  Jurassic  rocks  and  have  to  transport  from  Weardale  the 
Carboniferous  rocks  they  use  in  mixtiires. 

Quarrying  and  Mining.- — The  usual  methods  adopted  in  quarry- 
ing bedded  rocks  are  employed  for  ganister  and  silica-rocks. 
Drilling  and  blasting  are  necessary  in  most  cases.  Except  in  the 
ancient  quartzites  of  Shropshire,  Warwickshire,  Anglesey  and  to 
some  extent  in  South  and  North  Wales  the  marketable  beds  of 
stone  are  of  moderate  thickness  and  are  so  interbedded  with  others 
of  inferior  quality  or  waste  that  it  is  not  possible  to  work  a  lofty 
quarry-face  from  top*  to  bottom  without  selection. 

Many  quarries  now  working  rock  for  refractory  purposes  were 
opened  originall}^  for  road-stone  and  rough-walls,  in  escarp- 
ments formed  by  the  harder  beds,  and  frequently  they  are  worked 
inconveniently  down  the  dip.  In  South  Yorkshire  such  open 
quarries  still  exist,  but  in  many  places  where  the  overburden  has 
bscouie  too  great  to  be  removed  the  ganister  beds  are  followed 
underground  by  mining.  Owing  to  the  comparatively  low  value 
of  the  stone  or  to  the  presence  of  water  in  the  lower  parts  few 
of  the  mines  cover  a  large  area.  In  some  cases  fireclays  or  coal- 
seams  are  worked  along  with  the  stone.  Both  pillar-and-stall  and 
long-wall  systems  are  in  use.  In  South  Wales,  Durham  and 
North  Yorkshire  open  quarries  are  the  rule,  but  mining  may  have 
to  be  adopted  here  and  there  as  development  proceeds.  The  rock 
is  mined  at  Stuartfield  Lodge,  High  Stope,  Tow  Law  and  Rowley, 
Durham;  at  Fron  and  Garth  quarries,  N.  Wales;  and  at  Dore, 
Millhouses  and  Holymoorside,  Derbyshire,  the  stone  is  also 
worked  underground. 

In  parts  of  South  Wales  (p.  137)  and  near  Chesterfield  (p.  T3), 
also  at  West  Butsfield  (p.  55),  water- worn  boulders  of  quartzite 
or  ganister  found  in  the  stream-courses  provide  excellent  material. 
In  parts  of  the  Sheffield  district  (p.  21)  it  may  pay  to  replace 
with  stone  of  less  value  the  old  boundary-walls  of  the  fields,  where 
they  are  built  of  first-class  ganister. 

_  The  so-called  '  ganisters  '  of  the  Peak  district  (n.  168)  are  dug 
like  sand  in  open  pits. 
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lu  Scotland  the  '  ganisters  '  of  the  Central  Valley  are  mined, 
usually  on  the  '  stoop-aud-room  '  system;  but  most  of  the  stone 
which  it  is  suggested  in  the  following  pages  might  be  tried  for 
silica-rock,  could  be  quarried,  at  any  rate  in  the  early  stages  of 
develojjment. 

P  re  iHi  ration  of  the  .stone  for  silica-brick. — The  methods 
employed  in  treating  the  stone  are  much  alike  in  all  the  brick- 
making  districts,  but  certain  dift'erences  in  detail,  dependent  on 
the  type  uf  stone  used,  are  observable. 

After  being  broken  down  by  hammers  to  a  convenient  size  the 
stone  is  fed  to  a  crusher.  Several  types  of  crushers  are  used,  and 
the  following  have  been  noticed:  Blake,  Blake-Marsden,  Had- 
field,  Marsden,  Jiroadbent,  Mason,  Acme,  Goodwin-Barsby,  Baxter, 
etc.  One  firm  in  South  Wales  employs  a  Broadbent  crusher,  fol- 
lowed by  a  Mansfield  rotary  crusher  and  the  latter  is  in  use  at 
Sheffield.  In  some  cases  the  stone  is  calcined  prior  to  crushing 
(S.  Wales  and  Derbyshire),  in  order  to  render  it  more  friable  and 
to  clean  it,  but  this  is  not  a  common  practice.  As  a  rule,  the 
rough  stone  receives  no  treatment  prior  to  crushing,  but  at  some 
works  it  is  stacked  in  the  yard  for  some  time  before  crushini!',  in 
order  that  it  may  be  freed  from  adherent  clay  by  the  rain ;  some 
films  in  the  Sheffield  district  and  North  Staffordshire  spray  the 
stone  for  the  same  i)urpose,  and  even  scrub  the  more  iron-stained 
blocks  wdth  hard  brushes.  In  North  Wales  a  rotating  washer  is 
employed  by  one  firm. 

From  the  crusher  the  stone  i)asses  to  a  rotating  (vlindrical 
screen,  1^  to  2  in.  being  usually  the  limitiiig  mesh,  but  some 
firms  use  no  screen.  Where  more  than  one  kind  of  stone  is  used, 
these  are  fed  into  the  crusher  in  the  required  j^roportions. 

The  crushed  stone  is  then  passed  down  a  shute  to  the  grinding- 
floor,  on  which  are  the  grinding  viills;  the  usual  form  of  mill  is 
a  ciixular  pan  with  fixed  solid  bottom  ('  wet  '  pan)  with  revolving 
fiteel-  or  iron-shod  runners.    Occasionally  a  rotating  pan  is  used. 

Regarding  the  runners  there  is  a  divergence  of  opinion.  Steel 
hoops  for  this  purpose  are  said  to  cost  four  times  as  much  as  iron 
hoops,  but,  though  they  effect  a  saving,  are  said  not  to  last  quite 
three  times  as  long.  The  life  of  both  kinds  of  hoop  naturally 
varies  with  the  hardness  of  the  stone  to  be  ground.  In  one  case, 
where  a  '  seconds  '  silica-brick  is  made,  for  which  the  hardest  and 
best  stone  is  not  used,  iron-hoops  seem  to  be  preferred,  and  it  was 
stated  that  the  average  life  of  a  hoop  was  from  four  to  five 
months;  whereas  if  harder  Ntone  had  been  used,  these  hoops  would 
have  lasted  oidy  three  months,  though  this  depends  on  their 
thickness.  The  best  results  are  said  to  be  obtained  from  manganese 
Bteel  ])an  bottoms  with  '  grain  '  iron  hoops. 

A  difference  of  practice  obtains  generally  in  the  north-eastern 
district  as  compared  with  the  Sheffield  district,  in  that,  in  the 
former,  stone  for  silica-  and  ganister-brick  is  usually  ground 
dry.  and  is  then  raised  by  elevator  and  screened,  the  tailings 
going  back  to  the  mill;  whereas,  in  the  Sheffield  district,  the  stone 
is  ground  wet  and  consequently  cannot  be  re-screened.  This 
seems  to  involve  a  radical  difFereiice  of  principle  in  brick-making, 
and  will  be  noticed  further  below. 
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Lime  for  binding  the  silica-rock  is  added  duiini,^  the  })iO(ess  ol 
grinding-,  either  as  milk  of  lime,  fed  through  a  pipe,  or  as 
powdered  slaked  lime,  or  both.  The  proportion  of  lime  to  crushed 
stones  varies  within  narrow  limits;  the  average  is  under  2  per 
cent.  The  following  figures  were  met  with  in  South  Wales :  1 
per  cent.,  1'5  to  3  per  cent.,  1'5  per  cent.,  under  2  per  cent., 
"about  2  per  cent.',  2  per  cent.,  1*7  per  cent,  to  a  charge  of 
11  cwt.  of  stone  (  =  21  lb.  of  lime  to  11  cwt.  of  stone).  In  the 
north-eastern  district  the  amount  of  lime  varies  from  1  per  cent, 
to  1'5  per  cent.,  the  proportion  being  commonly  1'5  per  cent,  and 
the  milk  of  lime  is  fed  into  the  pug-mill,  not  into  the  grinding- 
pan,  as  elsewhere.  In  South  Yorkshire  the  proportion  of  lime 
is  1*3  to  1'4  per  cent,  or  a  little  more. 

Other  binders  have  been  tried  in  this  country  or  abroad  such 
as  alumina,  iron-oxide,  talc,  water-glass,  caustic  soda,  magnesia 
and  magnesium  salts,  ball-cla}',  china  clay,  fireclay,  either  with 
or  without  lime.^ 

In  the  north-eastern  district  the  dry-ground  and  screened 
material  next  passes  to  a  'pug-mill,  of  which  there  are  several 
forms  in  use,  both  vertical  and  horizontal.  In  South  Wales  the 
ground  stone,  with  its  added  lime,  is  removed  from  the  pan  by 
shovelling,  or  by  a  revolving  scraj^er,  and  is  placed  on  the  floor, 
where  it  is  kneaded  under  foot  for  a  short  time.  It  is  then  roughly 
cut  with  a  spade  into  blocks  of  suitable ,  size  for  the  moulds. 
Treading  under  foot  is  in  some  cases  applied  in  the  Durham  dis- 
trict after  treatment  in  tlie  pug-mill,  but  it  is  not  emj^loj^ed  as 
often  as  formerly.  Old  silica-brick  and  sand  are  sometimes  added 
to  the  mixture. 

The  moulds  are  steel-faced  or  gunmetal,  sometimes  of  wood, 
single  or  in  pairs.  The  bricks  are  either  made  singly  by  hand, 
with  careful  tamping,  or  are  first  made  in  the  hand-mould  and 
then  put  in  a  hand-'press  for  consolidation  and  branding,  or  they 
are  made  in  power-presses.  Hand-made  silica-bricks  were  and 
are  still  considered  by  some  makers  and  users  to  be  superior  to 
machine-made  bricks,  but  the  tendency  is  for  more  bricks  to  be 
made  by  the  machine-press.  Special  shapes  and  blocks  are  made 
by  hand. 

Drying  and  Firing. — The  moulded  bricks  are  placed  on  the 
drying-fioor  with  a  dusting  of  parting-sand,  or  in  some  cases,  with 
sawdust.  The  drying-floors  are  usually  heated  from  below  by 
(a),  fire-flue,  either  slack  or  briquettes  being  used;  (6),  exhaust 
steam  ;  (c)  exhaust  steam  during  the  day  and  live  steam  at  night; 
(fZ),  anthracite  tunnel-stoves.  In  some  works  the  drying  is 
effected  by  hot  air  delivered  in  overhead  pipes.  In  another  case 
the  bricks  are  dried  by  being  stacked  round  the  kilns. 

Drying  in  South  Wales  is  carried  out  in  one  night  (12  hours), 
14  hours,  or  48  hours.  When  dried  the  bricks  are  fired  in  up- 
draught  beehive  kilns  for  about  a  week  (the  times  at  different 
works  in  South  Wales  being  5  to  6,  7  or  8  days,  of  24  hours).  In 
a  few  cases  downdraught  beehive  kilns  are  used,  firing  in  4^  or  5 


'  See  A.  B.  Searle,  '  Refractory  Materiala,'  1917,  p.  217. 
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flays.  One  firm  uses  an  updraught  oval  kiln,  firing  in  7  days.  In 
the  Sheffield  district  drying  on  steam-heated  floors  is  effected  in 
24  to  30  hours,  firing  takes  3  to  4  days,  or  a  little  longer,  in  down 
draught  single  round  kilns  with  coal  fuel. 

The  state  of  firing  is  judged  by  (a)  the  colour  of  the  interior 
of  the  kiln  as  seen  through  a  peep-hole;  (b)  hy  trial-bricks,  in- 
spected through  a  peep-hole;  (c)  cones;  (d)  Austin's  pyrometer, 
or  thermoscope  bars.     Cooling  must  be  effected  veiy  slowly. 

The  temperature  at  which  bricks  are  fired  varies  in  different 
works,  according  to  the  class  of  stone  used ;  it  lies  between  cone  16 
(1460°  C.)  and  cone  20  (1530°  C.)  and  should  more  nearly 
approach  the  latter. 

Th(!  fapacity  of  the  kilns  ranges  from  20,000  in  a  27  ft.  kiln 
to  70,0(X)  brfcks,  a  usual  size  being  50,000. 

Coiiiparison  of  N orth-Eastern  District  Silica-Bricks  tcitJt  those 
of  other  Districts. — The  differences  of  principle  involved  in  the 
practice  of  grinding  the  materials  for  silica-brick  dry  instead  ol 
wet,  as  in  the  Sheffield  and  other  districts,  produces  a  marked 
difference  in  the  bricks  of  the  north-eastern  district  as  compared 
with  tlie  Slu'ffield  and  Dinas  bricks.  The  north-country  silica- 
bricks  are  essentially  fine-grained  and  even-grained,  and  are  free 
from  large  angular  fragments,  as  the  result  of  dry  grinding, 
screening,  and  returning  the  tailings  to  the  mill.  They  are  not, 
however,  all  equalh'  fine-grained,  those  of  some  makers  being 
slightly  coarser  in  grain  than  others.  Moreover,  the  constituent 
grains  of  the  north-country  l)ricks  seem  to  be  more  rounded  as  the 
result  of  the  dry  grinding. 

It  is  not  obvious  what  ad^-antage  the  process  of  dry  grinding 
with  screening  confers,  to  compensate  for  the  loss  of  angularity, 
unevenness,  and  coarseness  of  grain  dlitained  by  wet  grinding 
without  screening. 

The  process  of  drj-  grinding  is  naturally  a  dusty  one.  therefore 
when  dry  grinding,  elevating  and  screening  are  employed  prior 
to  adding  the  milk  of  lime  and  pugging,  care  should  be  taken  to 
minimise  the  amount  of  free  silica  dust.  Since  the  application 
of  the  Workmen's  Compensation  (iSilicosis)  Act,  1918,  there  has 
been  a  tendency  to  change  from  dry  grinding  to  wet  grinding. 

The  '  seconds  silica-brick  '  of  the  north-eastern  district  is  made 
in  jirecisely  the  same  way;  but  for  its  composition  a  less  propor- 
tion of  the  hardest  and  best  stone  is  used,  with  a  greater  propor- 
tion of  the  less  hard  rock.  In  fact  '  seconds  silica-brick  '  can  be 
made  entirely  of  silica-rocks  without  any  of  the  few  ganisters 
of  the  district.  This  class  of  brick  is  said  by  the  makers  to  be 
more  tioublesome  to  manufacture  than  tEe  best  bricks,  owing  to 
the  necessity  of  greater  accuracy  in  mixing. 

A  further  difference  of  appearance  is  thnt  the  north-country 
bricks  on  the  whole  (though  in  this  respect  they  vary)  are  less 
brown->potled  than  the  Sheffield  bricks.  The  brown  spots  are 
said  to  be  due  to  the  oxidation  of  particles  of  iron  or  steel  scraped 
from  the  grinding-niachinery.  Consequently  their  less  abund- 
ance in  the  north-country  bricks  is  in  conformity  with  the  less 
hardness  of  the  materials.      In  the   case  of  second-errade  silica- 
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bricks  contaiuing  none  of  the  hardest  and  best  stones  of  the 
north-eastern  district,  the  large  brown  spots  are  entirely  replaced 
by  minute  specks  of  brown.  The  firing  has  however  some  influ- 
ence on  the  spotting. 

Nomenclature :  Silica-brick,  Dinas  brick;  Ganistei-brick. — 
In  Great  Britain  by  '  silica-brick  '  is  usually  understood  a  brick 
made  entirely  of  ganister-rock  or  silica-rock  or  both,  with  a  bond 
of  lime.  A  '  Dinas  '  brick  is  a  silica-brick  made  in  South  Wales 
of  the  materials  obtained  there.  A  '  ganister-brick,'  as  the  term 
is  most  generally  employed,  is  a  brick  made  of  silica-rock,  best 
ganister,  bastard  ganister  or  inferior  true  ganister,  with  or  witn- 
out  the  addition  of  sand,  bonded  with  fireclay  instead  of  with 
lime. 

There  is,  however,  no  sharp  line  drawn  as  a  rule  between  these 
two  types  of  brick. ^  While  certain  firms  confine  themselves  to 
the  manufacture  of  a  pure  silica-brick  and  others  to  a  siliceous 
ganister-brick,  in  general  practice  there  is  some  overlapping  both 
in  the  methods  of  manufacture  and  in  the  nomenclature  of  the 
bricks.  Thus,  in  South  Wales,  some  firms  add  a  small  quantity 
of  shale  or  fireclay  to  the  Dinas-brick  mixture;  in  one  case  the 
proportion  is  6  lb.  of  shale  to  11  cwt.  of  silica-stone.  The  shale 
is  usually  calcined  in  lumps  before  being  added  to  the  mill.  In 
north-east  Derbyshire  and  South  Yorkshire  the  '  ganister-brick  ' 
of  some  firms  is  a  silica-brick  with  a  lime-bond,  while  their  '  semi- 
ganister-brick '  is  a  ganister-brick  made  of  inferior  stone  and 
bonded  with  fireclay.  Some  so-called  ganister-bricks  contain 
only   sand  as  their  silica-ingredient. 

In  Durham,  Northumberland  and  the  North  Riding  of  York- 
shire, 'best  silica-brick,'  'seconds  silica-brick,'  and  'ganister- 
brick  '  are  made,  the  two  former  with  lime-bond,  the  latter  with 
clay-bond,  though  some  firms  use  the  term  '  ganister-brick  '  for 
what  is  a  true  silica-brick.  Several  varieties  of  ganister-brick 
are  made  to  suit  various  purposes ;  the  best  are  used  extensively 
for  coke-oven  linings.  One  well-known  firm  makes  a  '  No.  2 
ganister-brick  '  which  is  a  first-class  brick  of  this  kind  (the  No.  2 
serves  merelj^  to  distinguish  it  as  '  second  '  to  silica-brick).  The 
'  special  fireclay  goods  '  of  another  firm  contain  75  to  82  per  cent, 
of  silica  and  are  made  with  a  large  proportion  of  a  rock  high  in 
silica.  Most  of  the  '  silica-bricks  '  of  Scotland  are  made  with  a 
double  bond  of  lime  and  clay. 

The  nomenclature  of  silica-bricks  is  in  need  of  revision;  the 
confusion  in  commercial  usage  between  silica-brick  and  ganister- 
brick  is  reflected  and  intensified  by  the  treatment  of  this  subject 
in  most  of  the  standard  text-books.     It  would  seem  advantageous 

^  In  the  '  Standard  Specifications  for  Refractory  Material '  (1912),  of  the  Institution 
of  Gas  Engineers,  the  material  covered  by  the  specification  for  Silica-bricks,  blocks 
and  tiles  is  divided  into  two  classes  : — 

"  (1)  That  containing  92  per  cent,  and  upwards  of  silica  and  hereinafter  called 
'  silica  '  material. 

"  (2)  That  containing  from  80  to  92  per  cent,  of  silica,  and  hereinafter  called 
'f-iliceous  '  material." 
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to  restrict  the  term  silica-hrick  to  those  made  of  silica-rock  (in- 
cluding ganister-rock,  quartzite  and  hard  pure  sandstone) 
bonded  witli  lime  alone,  and  in  this  country,  at  any  rate,  to 
em])loy  the  term  ganister-brick  only  for  those  made  of  silica  ui 
gaiiister-rock,  etc.,  bonded  with  fireclay  or  with  fireclay  and  lime. 

In  America  the  lime-bond  brick  is  called  a  ganister-brick  (or 
silica-brick),  while  the  clay-bond  brick,  made  of  sand  or  crushed 
quartzite  and  fireclay  (two  parts  of  the  former  to  one  of  the 
latter)  is  known  as  a  quartzite-brick.^ 

In  America,  quartzites,  often  called  ganisters,  are  employed  for  making  «i]ica-brick. 
These  rocks  are  obtained  from  the  Medina  sandstone  (Silurian)  of  Blair  and  Huntingdon 
Counties,  Pennsylvania  and  from  the  Baraboo  quartzite  of  Upper  Huronian  age 
(Pre-Carabrian)  in  the  Devil's  Lake  region,  Wisconsin.  Pre-Cambrian  quartzites  of 
Alabama  and  Colorado  are  also  used. 

The  Baraboo  quartzite  is  a  rather  coarse  pink  rock  ;  the  Medina  stone  is  white  or 
bluish-grey  ;  it  is  mainly  quarried  from  '  floes  '  or  loose  blocks.  These  rocks  contain 
about  98  per  cent,  of  silica  and  one  per  cent,  each  of  iron-oxide  and  alumina. 

The  stone  is  ground  to  pass  a  4-mesh  screen,  and  excess  of  fine  material  is  avoided. 
The  bricks  are  bonded  with  2  per  cent,  of  lime  and  dried  either  on  floors  in  4  to  6  days 
or  in  tunnels  1 8  to  24  hours.  They  are  fired  in  down-draught  kilns  holding  from  50,000 
to  100,000  bricks.  Firing  takes  from  10  to  15  days  ;  the  temperature  is  raised  gradually 
to  14;J0°C.  (2642°F.),  and  maintained  at  that  level  for  1  to  3  days  ;  cooling  is  completed 
fn  about  5  days. 

[See  C.  Ncsbitt  and  M.  L.  Bell  "  The  British  Claj-worker,"  October,  1917,  p.  104.] 
According  to  Mr.  Kenneth  Seaver,*  Chief  Engineer  to  the  Harbison-Walker  Refrac- 
tories Co.,  the  main  points  in  good  practice  are  as  follows  : — As  regards  quaiTying,  it  is 
important  to  sort  out  inferior  stone  at  the  quarry,  if  tliis  is  done  bad  rock  cannot  get 
into  the  brick.  The  stone  is  crushed  to  the  size  of  a  1  to  2  in.  ring  and  then  elevated  to 
storage  bins  readj'  to  be  fed  in  weighed  quantities  to  the  wet  pan  for  grinding.  In  the 
pans  2  per  cent,  of  lime  by  weight,  is  introduced  as  milk  of  lime.  The  quality  of  the 
lime  requires  consideration.  "In  general,  one  charge,  containing  material  for  200 
bricks  will  be  ground  at  the  rate  of  approximately  four  pans  per  hour  for  standard 
9-in.  brick,  while  to  obtain  the  fineness  requisite  for  the  intricate  and  difficult  shape- 
work  necessary  in  by-product  coke-oven  construction,  but  two  pans  per  hour  maj'  be 
jx)ssible."  Great  care  is  required  in  moulding  shapes  to  secure  even  and  sufficient 
ramming.  Steel  moulds  with  loose  sides  are  employed  for  high-crade  coke-oven  work. 
The  bricks,  etc.,  are  dried  on  pallets  either  on  a  .steam-heated  floor  or  rack  cars  in  a 
tunnel  dryer.  The  burning  is  carried  out  in  round,  down-draught  kilns  of  30  ft. 
diame<^cr  or  more.  The  fire  is  started  and  continued  slowly  and  with  slight  acceleration 
for  from  9  to  12  days,  during  the  last  2  or  3  of  wliich  the  final  temperature  should  be 
attained.  The  kiln  is  then  held  at  the  required  temperature,  saj-  cone  26  (1650°  C.  or 
3002°  F.)  directly  in  front  of  the  fire-box,  for  another  day,  after  which  the  fireboxes 
may  Ijc  .sealed  and  allowed  to  remain  thus  for  approximately  24  hours  more.  Coolmg 
will  require  about  as  long  as  the  burning. 

In  Germany  and  on  the  Continent  generally  it  has  been  the 
custom  to  speak  of  the  lime-bond  brick  as  'Dinas,'  *  Dinasstein  ' 
or  '  Quarzstein  '  (sometimes  this  was  called  '  English  Dinas  '  to 
distinguish  it  from  the  clay-bond  brick  of  certain  districts  known 
as  '  (lierman  Dinas. '^ 

The  name  '  Dinas  '  is  derived  from  Craig-y-dinas  ('  the  crag  of 
the  fort '),  a  spur  of  limestone  that  separates  the  rivers  Mellte 
and  Sychrliyd  at  their  confluenco  3  miles  west-north-west  of 
Hirwaun.    The  original  quarries  are  situated  close  to  the  crag. 

*  Havard,  F.  T.,  '  Refractories  and  Furnaces.'     New  York,  1912,  p,  50. 
-  '  Manufacture  and  Tests  of  Silica  Brick  for  the  By-product  Coke-Oven.'     TraM. 
Amcr.  Inst.  Mining  Eng.,  vol.  5^3,  1916,  p.  125. 

^  C.  Biscbof,  '  Die  Feuerfesten  Tone,'  ed.  3,  Leipzig,  1904,  pp.  333-337. 
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According  to  J.  Percy^  the  '  Dinas  Firebrick  '  was  invented  by 
the  late  Mr.  W.  Weston  Young",  a  land-surveyor,  of  Newton 
Nottage,  Glamorganshire,  whose  original  documents  on  the  sub- 
ject were  placed  at  Percy's  disposal  by  the  great-nephew  of  the 
inventor,  Mr.  Edward  Young.  A  company  was  established  for 
the  manufacture  of  these  bricks  in  1822  by  Mr.  "Weston  Young, 
who  thus  describes  the  history  of  his  invention :  — 

"  The  material  at  the  Dinas  (the  well-known  rock  of  that  name  in  the  Vale  of 
Neath)  from  which  we  procure  it,  is  nearly  pure  silex ;  but,  from  its  lying  on  the 
limestone  and  occasionally  intermixing  with  it,  there  is,  taking  the  average  of  the 
general  working,  perhaps  about  5  per  cent,  of  calcareous  matter  and  1  per  cent,  of 
metallic,  either  iron  or  copper.  Its  use  as  a  sand  was  discovered  about  40  years 
ago  [the  description  is  not  dated,  but  it  was  written  twelve  years  after  the  bricks 
had  come  into  use]  when  the  fine  of  it  was  taken  to  one  of  the  copper-works  and 
used  as  a  cement,  and  for  mending  their  furnaces  while  at  work,  by  placing  it  with  a 
long  iron-handled  ladle  or  spade  where  the  wash  of  the  metal  had  destroyed  the  brick  ; 
and,  from  its  remarkable  proj^erty  of  swelling  in  high  heats,  it  fixed  itself  firmly. 
It  gradually  gained  from  one  copper-work  to  another  till  its  use  became  general ;  in 
fact,  they  are  not  able  to  find  any  other  sand  that  will  answer  the  purpose  so  well. 
Its  fireproof  qualities  being  known,  many  attempts  were  made  to  produce  a  brick  from 
it ;  but  all  the  common  combinations  of  different  clays,  etc.,  failed.  About  14  years 
ago  I  became  acquainted  with  it,  and  soon  after  devised  a  method  of  producing  a  brick 
from  it  of  very  extraordinary  fij-e-proof  qualities.  When  set  in  its  own  cement,  for 
very  high  and  long-continued  heats,  it  certainly  will  exceed  in  duration  anj-  other  knowai 
brick.  It  does  not  suit  every  situation,  as,  in  fact,  no  fire-brick  will  :  the  nature  of  it 
at  once  tells  you  it  must  not  be  placed  near  alkaline  substances  ;  neither  wiU  the  effluvia 
from  some  lead-ores  suit  it  Perhaps  it  does  not  exceed  Stourbridge  (brick)  for  grates  : 
but  for  the  body  of  furnaces  of  most  kinds  it  exceeds,  as  said  before,  that  and  every 
known  brick  in  duration.  The  manner  in  which  the  brick  is  made  gives  it  a  rough 
coat  compared  with  others  ;  indeed  it  is  peculiar  in  this  respect ;  but,  as  it  is  made 
in  machines  perfectly  square,  all  the  works  here  prefer  it  with  its  rough  coat  ;  they  say 
it  sits  better  in  the  work,  and  they  have  now  more  than  12  years'  experience.  This 
brick  ought  to  be  kept  dry  if  possible,  for,  being  open  in  its  texture,  it  imbibes  moisture 
freely  .  .  .  The  fire-place,  roofs,  sides  and  bridge  of  the  furnace,  also  the  lower  part 
of  the  stack,  should  be  built  of  Dinas  ;  the  back  part  and  the  remainder  of  the  stack 
will  do  best  of  the  other  kind  (similar  to  Stourbridge  in  quality) ;  slabs  for  leaving 
the  flues  and  doors  are  also  best  made  of  this  material.  The  appearance  of  the  Dinas 
brick  is  peculiar  in  colour  and  the  roughness  of  its  .surface." 

Young  introduced  the  lime-bond  brick  into  the  Sheffield  district 
in  the  early  sixties,  and  the  first  silica-brick  plant  was  put  down 
by  the  Silica  Firebrick  Co.  at  Oughtibridge  at  that  time.  Shortly 
afterwards  Messrs.  J.  Grayson  Lowood  and  Co.  erected  works  at 
Deepcar.  At  the  same  time  and  subsequently  a  comparatively 
small  number  of  siliceous  bricks  were  made  by  several  firms  for 
special  purposes,  of  a  mixture  of  ganister-rock  and  fireclay. 

Ganister-Tni.rture,  Ground  Ganister,  Pug-ganister. — Ganister- 
mixture  is  used  for  a  variety  of  purposes  where  a  plastic  and 
refractory  material  is  wanted.  Such  purposes  are  :  Lining  con- 
verters, steel-furnaces,  ladles  and  crucible-pits,  setting  brick-work 
in  blast  and  other  furnaces ;  for  patching  and  as  '  hotting  '-clay 
for  closing  the  apertures  of  blast  furnaces  after  running  off  the 
molten  metal,  also  for  building  up  entrances  to  brick-kilns,  etc. 

The  material  is  variable  in  character ;  on  the  one  hand  it  may 
be  a  pure  ganister  or  silica-rock  ground  wet,  while  on  the  other 
hand  it  may  be  a  siliceous  fireclay;  for  some  purposes  ground 
fireclay  alone  is  used.     A  clay  high  in  silica  is  often  employed 

^  '  Metallurgy.'     Vol,  i.,  Revised  Ed.,  1875,  pp.  146-7. 
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in  place  of  ganister-mixture.  Any  good  fireclay  seems  to  be  suit- 
able, but  if  an  inferior  clay  be  used  the  mixture  is  apt  to  peel  off 
when  employed  for  furnace-linings. 

In  most  districts  the  silica-  or  ganister-brick  makers  supply 
ground  ganister,  and  some  firms  supply  the  material  but  them 
selves  make  no  bricks. 

In  South  Yorkshire  any  of  the  grades  of  ganister-rock  may 
be  employed  with  or  without  fireclay,  though  some  users  demand 
the  best  granister-rock  (Hard  Mine)  in  the  ganister-mixture 
supplied  to  them. 

The  Guiseley  32  Yards  Rock,  near  Leeds  is  ground  in  large 
quantities  for  mixture,  p.  32. 

For  making  ganister-mixture  the  best  ganister  or  silica-rock 
is  not  always  necessary.  In  the  north-eastern  district  a  variety 
of  stones  are  used.  A  thin  bed  of  blue  silica-rock  overlying  the 
ganister  of  Tow  Law,  etc.,  is  sometimes  utilised  for  ganister- 
mixture,  when  it  is  regarded  as  unsuitable  for  making  silica-brick. 
But  the  hard  silica-rock  ('  ganister  ')  of  Castleton  and  Common- 
dale  is  used  for  ganister-mixture  for  which  purpose  it  is  mixed 
with  the  silica-clay  which  overlies  it  at  Castleton. 

In  Derbyshire  a  small  quantity  of  the  Halifax  Hard  Mine  or 
Alton  ganister  ('  Sheffield  Ganister  '),  weathered  at  its  outcrop, 
is  sent  from  Ambergate  to  Sheffield  for  making  ganister-mixture, 
it  is  also  made  at  Bullbridge.  *  Pug-ganister  '  for  hotting  blast- 
furnaces is  also  made  by  mixing  '  ganister-sand  '  from  the  Peak 
district  with  local  Coal-measure  fireclay.  The  argillaceous 
'  ganister-sand  '  from  the  Peak  is  also  employed  alone,  usually 
after  being  ground  or  pugged,  for  setting  and  patching. 

In  South  Wales  this  material  is  frequently  prepared  from  the 
softer  varieties  of  the  quartzites,  grits  and  conglomerates  of  the 
Basal  Grit  of  the  Millstone  Grit.  The  stone  is  crushed  when 
necessary  and  ground  under  edge-runners  (employed  only  for  this 
purpose)  in  rotating  perforated  pans  with  one-eighth  inch  perfora- 
tions. Clay  is  sometimes  added  to  give  more  plasticity,  and  in 
one  case  crushed  silica-brick  is  introduced.  In  one  instance 
(Ebbw  Vale,  Monmouthshire)  a  hard  fireclay  (called  '  ganister  ') 
from  below  the  Old  Coal  in  the  Lower  Coal  Series  is  ground  for 
encasing  tuyeres  and  lining  converters,  another  steel-making  firm 
prepares  a  ganister-mixture  by  grinding  quartzite  from  the  Basal 
Grit  and  mixing  it  with  tar  as  a  binder. 

At  Upper  Gornal,  near  Dudley,  South  Staffordshire,  a  thin- 
bedded,  clayey,  grey,  soft  sandstone,  which  occurs  in  or  under 
the  coarser  harder  Gornal  Stone  of  the  Middle  Coal  Measures, 
is  ground  under  edge-runners  and  sold  as  'ground  ganister.' 
Some  of  the  Gornal  Stone  itself  is  similarly  treated. 

In  Cheshire  and  South  Lancashire  '  ground  ganister  '  is  pre- 
pared by  grinding  tlie  '  ganister  '  from  below  the  Ganister  Coal 
of  the  Lower  Coal  Measures.  Lump  '  ganister  '  from  below  the 
Seven-Foot  Fireclay,  near  Bolton,  is  sold  to  local  foundries, 
probably  for  lining  cupolas.  In  another  case  '  ground  ganister  ' 
is  prepared   by  grinding  20  per  cent,  of   best   fireclay  from  the 
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Sweet  Seam  in  the  local  Coal  Measures  with  '  ganister,'  prob- 
ably a  siliceous  sandstone  in  the  Millstone  Grit  or  Yoredale 
rocks,  from  the  neighbourhood  of  Saddleworth.  Wet  ground 
ganister  for  cupola-lining  is  also  made  by  the  same  firm  from 
patches  of  '  ganister  '  overlying  the  Sweet  Seam  Fireclay.  The 
firms  operating  in  the  Congleton  Edge  district  produce  '  ground 
ganister  '  from  the  silica  rocks  of  the  Crowstone  Group,  with  or 
without  the  addition  of  the  adjacent  fireclay  or  shale,  and  occa- 
sionall}'-  with  some  rock  from  the  overlying  Millstone  Grit. 

In  Cumberland  the  Millstone  Grit  of  High  Harrington  and  the 
impure  ganisters  beneath  the  Clifton  Little  Main  Seam  are  used 
for  ganister-mixture.  Coal  Measure  sandstones  are  mined  for  the 
same  purpose  near  Crosby  and  Branthwaite. 

In  the  Forest  of  Dean  '  ground  ganister '  is  prepared  by 
grinding  under  edge-runners  the  stone  from  a  bed  of  yellow 
ferruginous  sandstone  that  occurs  at  or  near  the  junction  of  the 
Millstone  Grit  with  the  Coal  Measures. 

The  Lower  Estuarine  Sand  overlying  Northampton  Ironstone 
at  Finedon,  Northants,  has  been  supplied  for  making  pug- 
ganister. 

In  Scotland,  in  the  Bonnybridge  district,  '  ground-ganister ' 
is  made  from  sandstones  of  Millstone  Grit  age. 

Silica  Cement. — Practically  all  silica-brick  makers  prepare  also 
their  own  cement  or  mortar  for  setting  these  bricks  in  the 
furnaces.  For  this  purpose  silica-stone  is  ground,  and  often  a 
quantity  of  clay  is  added,  the  proportions  being  usually  a  trade 
secret. 

Special  cements  are  prepared  in  a  similar  manner  with  ground 
fireclay  alone,  or  fireclay  mixed  with  ground  silica-rock,  to  which 
a  small  amount  of  fluxing  material  fs  added. 
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CHAPTER    II. 

SILICA-ROCK  AND  GA^IST'E.R— (continued). 

YORKSHIRE. 

SHEFFIELD    DISTRICT. 

The  materials  used  in  silica-bricks  are  oi  local  and  extraneous 
sources.  All  the  local  siliceous  rocks  of  value  occur  in  the  lower 
part  (Oanister  Group)  of  the  Lower  Coal  Measures,  which  con- 
tains the  measures  lying-  above  the  Millstone  Grits  up  to  and 
including  the  Silkstone  Coal.  The  position  of  the  Ganister  Group 
in  this  general  sequence  is  given  in  the  following  table  :  — 
Silkstone  Coal 

Measures       1250  ft. 

/  Gaiiister,  Hard  Mine  or  Halifax  Hard  Coal        ...     6  in.  to  3  ft. 

\  Measures       50-70  ft. 

Ganister   y  Clay  or  Middle  Bed  Coal 3  in.  to  1  ft. 

Group.       \  Measures  with  Middle  rock  50-60  ft. 

/  Coking  or  Soft  Bed  Coal 8  in.  to  3  ft. 

(  Measures  with  Pot-clay  Coal         120  ft. 

Millstone  Grit. 

The  best  ganister^  lies  immediately  beneath  the  Hard  Mine 
Coal  as  a  bed  varying  from  a  few  inches  up  to  5  ft.  6  in.  in  thick- 
ness. Generally  an  average  thickness  of  2  ft.  6  in.  is  relied  upon. 
A  bastard  ganister  of  the  same  variable  thickness  underlies  the 
Clay  Coal,  and  is  extensively  worked  commonly  in  the  same  pro- 
perties as  those  getting  the  Hard  Mine  Ganister. 

Formerly  much  ganister  was  obtained  along  the  western  out- 
skirts of  Sheffield,  between  Ecclesall  and  Crookes.  It  is  now 
mined  or  quarried  in  the  Loxley  Valley  and  in  the  Don  Valley 
from  the  northern  outskirts  of  the  city  northwards  to  Deepcar. 
The  position  of  these  workings,  the  outcrop  of  the  Ganister  Group 
and  of  the  areas  underlain  by  the  Halifax  Hard  Coal  and  ganister 
are  given  on  the  accompanying  sketch-map,  Fig.  1  (p.  16). 

Tlirougliout  this  district  the  Hard  Mine  Ganister  is  at  its  best, 
and  the  high  quality  of  the  Sheffield  silica-brick  is  attributed  to 
the  use  of  this  stone.  In  its  ultimate  analysis  it  agrees  closely 
with  that  of  the  same  bed  in  other  districts.  It  is  to  its  physical 
properties  that  the  Sheffield  blue  ganister  owes  its  superiority. 
This  consists  in  the  mode  of  fracture  which  is  rather  that  of  a 
flint  than  that  of  the  other  silica-rocks  used,  though  the  latter 
may  be  higher  in  silica,  such  as  the  Guiseley  Rock  (p.  32).  When 
the  Sheffield  stone  is  crushed  it  breaks  up  into  angular  fragments, 
which  give  a  brecciated  character  to  the  brick. 

Some  parts  of  the  bastard  ganister  below  the  Clay  Coal 
approach  the  Sheffield  blue  stone  in  fracture,  and  thus  this  bed 
affords  considerable  additional  material. 

1  In  the  following  pajio.^  the  term  'ganister'  is  used  for  a  highly  siliceous  rock 
and  not  for  a  manufactured  article.  The  term  '  bastard-ganister  '  is  applied  to  a 
ganister-like  rock  with  a  les.9  degree  of  purity. 
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Pig.    1. — Map  shoiving  the  distribution  of  the  ganister   in  the 
Sheffield    district. 
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Mines  and  Quarries  indicated  by  numbers  on  the  Map. 
1,  Woodend  ;  2,  Little  Matlock  ;  3,  Broadhead  ;  4  &  5,  High  Matlock  ;  6,  Griffs  ; 
7,  Brookaide  ;  8,  St  errs  ;  9,  Storrs  Bridge  ;  10,  Hill  Top  ;  11,  Intake  ;  12,  Wads- 
ley  ;  13,  Myers  Lane  ;  14,  Stubbin  ;  15,  Loxlev  Common  ;  16.  Worrall ;  17,  Hagg 
Stones  ;  18,  Kirk  Edge  (di.sused)  ;  19  &  20,  Beely  Wood  ;  21,  Bcely  Wood  Quarry  ; 
22,  Wharncliffe  Woodend  ;  23,  Wharncliffe  Bearing  ;  24,  Thornhurst  ;  25,  Cross- 
land's  (Townend) ;  20,  Wharncliffe  ;  27,  Armitage  ;  28,  Clough  ;  29,  Deepcar 
Fireclay  ;  30,  Henholmes  ;   31,  Bracken  Moor  ;  32,  Stocksbridge. 

Some  Hard  Mine  Ganister  of  the  same  character  as  the  Sheffield 
stoue  i&  brought  to  the  di.strict  Irom  Doio  and  Totley  and  Holy- 
moorside,  near  Chesterfield, 

Though  the  Hard  Mine  Ganister  forms  an  essential  constituent 
of  the  best  silica-brick,  other  rocks  are  made  use  of  in  some  of 
the  brick  mixtures.  Some  local  stones  (pp.  19-26)  are  thus 
utilised  on  a  limited  scale,  but  the  majority  of  the  silica-rocks 
other  than  ganister  come  from  outside  the  district.  The  sources 
of  these  and  the  geological  formations  in  which  they  occur  are 
tabulated  below  :  — 

Localiti/.  Geological  Fcr  nif I  lion. 

Coinmondale,  p.  40  Moor  Grit,  Lower  Oolites. 

Mean  wood,  p.  31 Lower  Coal  Measures. 

Guiselcy,  p.    32 „  „ 

Ambergate,  p.  75  Millstone  Grit  and  L. CM. 

Marsden  Moor,  p.  28        ,,  „ 

Ffrith  (Wrexham),  p.  117  

Bwlch-gwyn  (Minera),  p.  108     Cefn-y-fedw  Sandstone. 

Mow  Cop,  p.  82      ...         ...         ...  Pendleside  Series. 

Pontesbury,  p.  97  Ordovician. 

Amlwch  (Anglesey),  p.  120         Pre-Cambrian. 

Holyhead,  p.  121 

Mining  hy  day-levels  is  the  common  practice,  though  a  few 
outcrop-workings  ('  bearings  ')  are  still  in  existence,  a  method  of 
getting  the  ganister  formerly  much  in  vogue.  The  silica-rocks 
in  the  few  cases  where  they  are  being  obtained  are  quarried. 
Though  variations  in  thickness  and  quality  occur,  the  ganisters 
can  be  regarded  as  definite  beds,  and  are  mined  on  the  same 
principle  as  seams  of  coal.  Since  the  price  of  the  raw  material 
has  not  hitherto  encouraged  the  installation  of  costly  machinery 
many  of  the  mines  cease  to  be  worked  when  much  water  is  found. 
This  is  met  with  in  considerable  quantities  in  the  basin  west  of 
the  Don ;  and  in  the  Don  Valley  the  high  dip  of  the  beds  soon 
carries  them  below  water-level.  Mechanical  haulage  and  machine 
drilling  are  adopted  on  only  a  limited  scale. 

The  published  six-inch  Geological  Survey  Maps  of  the  Yorkshire 
Coalfield  show  the  outcrops  of  the  Ganister  Group  and  in  most 
cases  of  the  individual  beds  worked,  or  that  could  be  worked,  for 
ganister,  silica-rock  and  fireclay.  It  will  be  seen  that  the 
reserves  of  ganister,  silica-rocks,  and  fireclays  are  large.  A 
considerable  ([uantity  remains  to  be  got  in  the  Loxley  Valley, 
in  the  Don  \'all('v,  between  Beely  "Wood  and  Deepcar,  and  also 
in  the  Little  Don  Vallev,  and  between  Stocksbridge  and  Hudders- 
field. 

In  the  Loxley  Valley  the  bulk  of  the  silica-rock  is  transported 
from  the  mines  by  road  to  other  works.  In  the  Don  Valley  the 
brickworks  are  in  the  proximity  of  the  mines,  from  which  the 
material  is  sent  by  tram. 
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There  are  a  few  quarries  getting  local  silica-rock,  but  ouly  on 
a  limited  scale.  As  distinct  from  the  ganister,  these  rocks  occur 
as  lenticles  in  felspathic  sandstones  into  which  they  graduate, 
and  from  which  they  are  not  easily  distinguishable  by  the  quarry- 
men.  Probably  if  greater  care  were  exercised  in  keeping  the 
accompanying  sandstones  apart  from  such  siliceous  lenticles,  the 
sandy  beds  of  the  local  Lower  Coal  Measures  woiild  meet  with 
more  favour,  and  their  iise  might  be  considerably  increased. 

J.  cV:  J.  Dyson. 

Stannington,  near  Sheffield. 

Woodend    Mine. 

Mine:  Situated  between  the  Rivelin  and  Loxley  valleys  west 
of  Walklej' :  icorhs  at  Sheffield. 

Maps:  One-inch  New  Ser.  Ordnance  and  Geological  100;  six- 
inch  Yorkshire  294  N.W. 

Latitude  53°  23'  50".     Longitude  1°  31'  0". 

Geological  age :  Lower  Coal  Measures. 

The  outcrop  of  the  Hard  Mine  ganister  occurs  in  a  shallow 
l)asin  one  mile  across  from  east  to  west,  and  two-thirds  of  a  mile 
from  north  to  south. 

According  to  the  mines  manager,  the  section  of  the  strata  is  :  — 

Ft.  In. 
Sandstone  (Loxley  Edge  Rock)  ...  ...  ...         ...  — 

Shale  (lower  part  with  marine  shells)    ... 
Ganister  Coal 

Ganister  (best) 

Ganister  clay 

WHrrE  Clay  (best)         

Shale  

G.-vNisTER  (common) 

Soft  Bed  Coal  (Clay  Coal)  

Ganister  (common) 

Ganister  (second-best) 

Shale  — 

The  ganister  and  clays  below  the  Ganister  Coal  are  the  chief 
products  of  tlie  mine.  Occasionally  the  best  ganister  is  ouly  a 
few  inches  thick  and  is  rarely  more  than  2  ft.  6  in.  in  thickness, 
but  locally  swells  out  to  5  ft.  The  mine  is  said  to  yield  one  of  the 
finest  grades  of  stone  of  the  Shefiield  district. 

Description  of  rock. — II6681.  Moderately  fine  jiraintd  grey  i|uartzitic  .sandstone. 
Streaki'(l  with  carlxmaceous  matter.  Cianister.  Mo^tly  qunrtz  with  little  impurity. 
Grains  sonuwhat  irregular,  but  mainly  of  two  sizes,  abiut  (>'  1 5  mm,  and  smaller  graiiis 
(0"05  mm.)  that  act  as  packing.  CVment  siliceous,  but  turbid  with  iron  compounds. 
The  usual  heavy  dotrital  minerals,  but  these  are  not  abundant. 

Reserves:   A   furtlier  but  limited   development  is  possible. 

Products  :  The  firm  manufacture  general  refractory  goods,  those 
of  a  high  class  containing  a  proportion  of  burnt  ganister. 

Transport:  The  ganister,  partly  hand-sorted,  is  carted  to  the 
com})any's  works  at  Atterclift'e  Koad,  Sheffield,  and  in  small 
quantities  to  the  yard  at  Griffs,  two  miles  to  the  east. 

'  These  numbers  are  those  of  registered  specimens  in  the  Suivey  collection  of  .<lieed 
rocks. 
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PiCKFORD,  Holland  &  Co. 
Attercliffe  Road,  Sheffield. 
Little  Matlock  Mine. 
Mine :  Situated  near  Little  Matlock  Inn,  on  the  northern  slope 
of  Woodland  View. 

Maps :  One-inch  New  Ser.  Ordnance  and  Geological  100 ;  six- 
inch  Yorkshire  294  N.W. 

Latitude  53°  24'  0".     Longitude  1°  31'  50". 
Geological  age :  Lower  Coal  Measures. 

Products :  The  Hard  Mine  (Canister)  Coal,  and  some  ganister 
and  fireclay  which  are  sent  by  road  into  Sheffield. 

Helliwell  &  Pearson. 

Barlow  Road,  Malin  Bridge,  Sheffield. 

High  Matlock  Quarry. 

Quarry :  Near  by-lane  going  from  Knowle  Top  to  Malin 
Bridge. 

Maps:  One-inch  New  Ser.  Ordnance  and  Geological  100;  six- 
inch  Yorkshire  294  N.W. 

Latitude  53°  23'  50".     Longitude  1°  32'  20". 

Geological  age :  Lower  Coal  Measures. 

Two  shallow  quarries  have  been  opened  up  in  a  sandstone  out- 
crop in  the  position  of  the  ganister  below  the  Clay  Coal  of  the 
Woodend  Mine.  Beneath  a  cover  of  hill  creep,  about  5  ft.  thick, 
consisting  of  soil  with  blocks  of  bastard  ganister,  a  bed  of  a  highly 
siliceous  sandstone  is  worked  for  a  thickness  of  5  ft.  It  varies  in 
character,  but  if  carefully  selected  a  good  quality  stone  can  be 
readily  obtained. 

Helliwell  &  Pearson. 

Barlow  Road,  Malin  Bridge,  Sheffield. 

Hill  Top  Mine. 

Mine:  Situated  at  Hill  Top. 

Maps :  One-inch  New  Ser.  Ordnance  and  Geological  100 ;  six- 
inch  Yorkshire  294  N.W. 

Latitude  53°  23'  55".     Longitude  1°  34'  25". 

Geological  age :  Lower  Coal  Measures. 

The  Ganister  Coal  in  the  small  and  faulted  outlier  of  Dung- 
worth  and  Hill  Top  has  been  extensively  mined  in  the  past. 
How  much  of  the  ganister  below  the  coal  has  been  left  in  the 
ground  is  uncertain,  but  this  jointed  rock  will  be  coated  with  iron 
derived  from  the  old  workings.  In  one  of  these  old  mines  at 
Dungworth,  A.  H.  Green^  gives  coal  2  ft.  3  in.,  ganister  6  in. 
white  clay  6  ft.  At  the  Hill  Top  Mine  the  ganister  is  very  variable 
in  thickness  and  is  occasionally  absent.  The  joints  in  the  rock 
are  coated  with  iron  oxide. 

1  '  Geology  of  the  Yorkshire  Coalfield  '  (if em.  Geol.  Surv.),  1878,  p.  109. 


SHEFFIELD  DISTRICT.  21 

Between  Dungworth  and  Storis  village  the  stone  walls  are  to 
a  considerable  extent  made  of  blocks  of  ganister  and  bastard 
ganister,  suggesting  an  outcrop.  As  good  walling  stone  is  close 
at  hand  it  would  be  an  easy  matter  to  replace  the  high-class  silica 
rocks  now  built  into  the  walls. 

Description  of  rock. — 11569.  Palest  buff  fine  -  grained  quartzite,  locally  iron- 
stained.  Grains  angular,  about  O'l  mm.  and  smaller.  Almost  entirely  composed  of 
quartz.  Cement  siliceous  locally  clouded  with  iron-compounds.  Heavy  detrital 
minerals  (zircon  and  tourmaline)  rather  more  plentiful  than  usual. 

OUGHTIBRIDGE    SiLICA    FiRE    BrICK    Co. 

Oughtibridge,  near  Sheffield. 

Beely  Wood  Mines. 

Woi'ks :  Yorkshire  Silica  Fire  Brick  Works,  close  to  Oughti- 
bridge Station. 

Mines :  On  the  east  side  of"  the  Don  Yallev,  between  latitude 
53°  25'  40"  and  53°  26'  20". 

Maps:  One-inch  New  Ser.  Ordnance  and  Geological  100;  six- 
inch  Yorkshire  288  iV.W.  and  S.W. 

Geological  age  :  Xower  Coal  Measures. 

A.  continuous  outcrop  of  the  ganister  group  extends  on  the  east 
side  of  the  Don  Yalley  from  the  southern  edge  of  Beely  Wood 
to  Deepcar  (latitude  53°  28'  40").  The  royalty  of  the  Silica  Fire- 
brick Company  extends  northwards  to ,  Oughtibridge,  where  it 
adjoins  that  of  Messrs.  J.  Grayson  Lowood  and  Co. 

The  position  of  the  refractory  materials  and  the  general 
sequence  of  the  rocks  in  the  Don  Valley  in  descending  order  is 
as  follows :  — 


1.  LoxLEY  Edge  Rock. 

2.  Shale,  0  ft.  in  south  to  60  ft.  in  north 

3.  Halifax  Hard  Mine  Coal  or  Ganister  Coal 

4.  Ganister,  best  

5.  Fireclay 

G.  Shale   ". 

7.  Clay  Coal         

8.  Fireclay  and  Ganister  (bastard) 

9.  Middle  Bed  Rock  (with  silica  rock) 

10.   Shale 

11    Coking  or  Halifax  Soft  Coal  

12.  Crawshavv  Sandstone 

13.  Shale,  goiiiatite.s,  etc.,  in  lower  part 

14.  Pot  Clay  Coal  

15.  Pot  Clay      ; 

16.  Millstone  GRrr. 


Ft.  In. 

6  in.  to  3  ft. 
6  in.  to  5  ft. 
0  in.  to  5  ft. 

50     0 
3  in.  to  1  ft. 
0  in.  to  6  ft. 

20     0 

30     0 
0     6 

40     0 

60    0 

0     3 

2  ft.  to  5  ft. 


South  of  Oughtibridge  the  Millstone  Grit  crojis  out  in  the 
bottom  of  the  valley,  and  above  it  the  Lower  Coal  Measures, 
dipping  1  in  9  in  a  direction  a  few  points  north  of  east,  from  the 
steep  ea.stern  slopes  of  the  valley. 

The  Put  Clay  (No.  15))  is  no  longer  worked.  It  is  stated  to  be 
shale  2-5  ft.,  separated  from  the  Millstone  Grit  by  a  sandy  shale 
about  2  ft.  in  thickness.  The  lower  part  of  the  shale  above  the 
thin   coal   contains  marine  shells. 
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No  outcrop  of  the  Middle  Bed  Rock  is  shown  on  the  Geological 
map,  but  the  topmost  beds  are  being  quarried  for  silica-rock 
alongside  the  tramline  at  a  point  500  yards  south  of  Oughtibridge 
Hall.  The  quarry  shows  a  face  consisting  of  (1)  bearing  con- 
taining blocks  of  bastard  ganister,  7  ft. ;  (2)  micaceous  brown 
sandstone,  3  ft. ;  (3)  hard  siliceous  grit,  10  ft.  Selected  portions 
of  the  lowest  bed  are  sent  by  tram  to  the  company's  works  at 
Oughtibridge. 

Kelics  of  open-cast  workings  on  the  ganister  below  the  Hard 
Mine  Coal  (No.  3)  remain  in  Great  Hollins  Wood  and  in  Beely 
Wood,  but  at  the  present  time  the  ganister  is  mined  from  levels 
situated  near  the  southern  margin  of  Beely  Wood.  It  varies  in 
thickness  from  6  in.  up  to  2  ft.  6  in.,  and  is  uniform  in  character. 
Grains  and  nodules  in  clusters  of  iron  jjyrites  occasionally  occur, 
and  in  places  a  lateral  change  into  a  bastard  ganister  (somewhat 
inappropriately  called  'clay')  takes  place.  The  coal  over  the 
ganister  varies  from  6  in.  to  2  ft.  6  in. ;  it  is  worked  with  the 
ganister  and  sent  to  the  kilns.  In  the  northern  part  of  the  royalty 
as  much  as  60  ft.  of  shale  lies  between  the  coal  and  the  Loxley 
Edge  Bock,  but  the  shale  gradually  thins  southward,  and  over 
the  southern  part  of  the  workings  of  Loxley  Edge  Rock  comes 
down  on  the  coal  and  furnishes  an  excellent  roof.  The  rock  is 
hand-drilled  and  blasted,  its  extraction  being  on  the  whole  some- 
what costly. 

Description  of  rocks. 

11564.  Ganister,  main  bed.  Moderately  coarse-grained,  lamiiiated,  impure,  buff-grey 
sandstone.  Grains  subangular,  about  0'15  to  O'l  mm.,  somewhat  widely  spaced. 
Mostly  quartz  showing  signs  of  secondary  enlargement.  Some  chert  fragments. 
Cement  partly  siliceous,  but  there  is  a  good  deal  of  interstitial  sericitic  matter  stained 
with  iron. 

11565.  First  quality  ganister.  Grey  fine-grained  quartzitic  rock,  locally  highly 
carbonaceous.  Grain  angular  about  0'05  mm.  Closely  packed  and  mostly  quartz. 
Cement  entirely  siliceous.     Streaks  and  patches  of  carbonaceous  matter. 

Reserves  :  Abundant.  At  the  works,  in  addition  to  the  ganister 
from  Beely  Wood,  the  same  rock  comes  by  road  from  the  com- 
pany's mines  at  Stubbin  (p.  24),  Wadsley  Common  and  Worrall 
Moor  (p.  24).  Silica-rocks  from  other  extraneous  sources  are  also 
made  use  of. 

Products :  Various  kinds  of  refractory  goods  are  manufactured 
of  which  '  best  silica-brick  '  and  retort-brick  are  the  chief.  Silica 
cement  and  ground  ganister  are  produced.    Trade  mark,  '  Silica." 

Transport  to  the  works  is  by  tramroad,  worked  on  the  endless 
chain  principle.  Mechanical  haulage  is  adopted  in  part.  Goods 
on  rail  at  Oughtibridge  (G.C.R.). 

J.  Geatson  Lowood  &  Co.,  Ltd. 
Deepcar,  near  Sheffield. 
Wharncliffe  Woodend,  No.  1  and  No.  2  Mines. 
Works :  Brickworks,  near  Deepcar  Station. 
Mines:  Close  to  Waterfall  Clough. 

Maps:  One-inch  New  Ser.  Ordnance  87;  Old  Ser.  Geological 
82  N.W. ;  six-inch  Yorkshire  288  N.W. 
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^Latitude  53°  26'  37"      Longitude  1°  32'  0". 

Geological  age  :  Lower  Coal  Measures. 

The  Hard  Mine  Coal  with  the  ganister  and  fireclay  below  it 
are  obtained  from  tlie  No.  1  Mine,  and  the  ganister  and  fireclay 
below  the  Clay  Coal  in  No.  2. 

The  mines  are  entered  by  levels  opening  on  the  outcrop,  that  on 
the  Ganister  Mine  being  on  the  500  ft.  contour  at  a  height  of 
200  ft.  above  the  level  of  the  Don  at  Oughtibridge.  In  the 
direction  of  full  dip  which  is  at  the  rate  of  1  in  12  to  the  N.N.E., 
the  seam  can  be  followed  for  nearly  800  yards  in  this  direction 
before  the  workings  reach  the  300  ft.  contour.  Thus  a  large 
area  could  be  unwatered  by  an  adit-level  opening  on  the  banks 
of  the  Don.  The  ganister  'is  of  good  quality  auci  is  similar  in 
cliaracter  and  occurrence  to  that  of  the  Beely  Wood  Mine  (p.  21). 

In  No.  2  Mine,  in  which  the  levels  are  on  the  outcrop  of  the 
Clay  Coal,  the  ganister  below  it  is  absent  or  very  thin,  and 
remains  so  for  a  distance  of  500  yards  to  the  east.  On  the  other 
hand,  the  fireclay  below  the  ganister  is  of  good  quality  from 
the  outcrop  up  to  this  distance,  when  it  passes  into  a  sandy  clay, 
and  the  ganister,  in  a  bed  from  1  ft.  to  1  ft.  6  in.,  makes  its 
appearance.  It  rests  on  a  sandy  fireclay,  which,  when  hard  and 
compact,   is  called  bastard  ganister. 

Description  of  rork. — 11567.  Ganister.  Pale  {rrey  fine-grained  saccharoidal  quartzite, 
locally  streaked  with  earbonaccous  matter.  Consists  of  eloscly  packed  quartz-grains 
of  about  0'  1  to  0'  1 5  mm.  with  a  secondary  silica  cement.  Fairly  free  from  ferruginous 
and  other  impurities. 

J.  Grayson  Lowood  &  Co.,  Ltd. 
Deepcar,  near  Sheffield. 
Wharncliffe  Mine. 
Mine :  The  main  level  is  situated  near  Deepcar  Station. 

Maps :  One-inch  New  Ser,  Ordnance  87,  Old  Ser.  Geological 
87  S.W.;  six-inch  Yorkshire  282  S.W. 

Latitude  53°  28'  35".     Longitude  1°  33'  30". 
Geological  age  :  Lower  Coal  Measures. 

These  workings  are  in  the  ganister  and  clay  below  the  Hard 
Mine  Coal.  The  coal  maintains  a  thickness  of  1  ft.  10  in.,  but 
the  ganister  varies  from  6  in.  to  as  much  as  6  ft.,  with  an  average 
for  the  workings  taken  at  2  ft.  6  in.  The  ganister,  as  mined,  is 
a  deep-blue  rock  of  good  quality.  It  is  also  obtained  in  limited 
i[uantities  in  open  workings  (Wharncliffe  Bearing)  to  the  south- 
west of  Deejicar  Station,  but  it  is  greyer  in  colour  and  less  com- 
pact than  that  occurring  underground.  At  the  open-workings 
the  section  is  :  — 

Ft.  In. 
Bearing  with  large  bloeks  of  sandstone  ...  ...  ...      11-12     0 


Shale  with  marine  shells  at  the  bare 

Coal 

G.\NISTER   ... 

Clay  or  stone 


15    0 

1  10 
3-4    0 

2  f» 


Clay  for  firebricks  and  ganister  compound  comes  from  the  fire- 
clay below  the  Hard  Mine  Ganister. 
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Reserves :  Abundant. 

Products :  Best  silica-bricks  form  the  staple  output,  other  goods 
axe  cupola  blocks,  stoppers,  runners,  sleeves  and  firebricks  for 
reheating  furnaces  and  ground  ganister. 

Transport :  A  considerable  proportion  of  the  raw  material  is 
brought  by  tram  from  the  Wharncliffe  Mines,  and  by  rail  from 
the  Wharncliffe  Woodend  Mine,  with  some  extraneous  material 
coming  in  by  rail.  Goods  are  put  on  rail  at  Deepcar  Station 
(G.C.R.). 

OUGHTIBRIDGE   SiLICA   FiRE  BrICK   Co. 
Oughtibridge,  near  Sheffield. 
Wadsley  CoTnmon  Mine. 
Mine :  Situated  north  of  Wadsley  Church. 
Majjs :  One-inch  New  Ser.  Ordnance  and  Geological  100 ;  six- 
inch  Yorkshire  288  S.W. 

Latitude  53°  24'  50".     Longitude  1°  31'  0". 
Geological  age :  Lower  Coal  Measures. 

The  ganister  from  below  the  Hard  Mine  Coal  is  obtained  by  a 
level.  The  conditions  of  occurrence  are  the  same  as  at  the  Stubbin 
Mine. 

Description  of  rock. — 11566.  Ganister.  Pale  grey  fine-grained  quartzitic  rock 
streaked  with  carbonaceous  matter.  Grains  subangnlar,  about  0.1  mm.  and  smaller. 
Composed  mainly  of  quartz  grain.3  closely  packed.  Cement  siliceous  and  of  small 
amount.     Locally  ferruginous. 

Transport  by  road  to  the  Company's  works  at  Oughtibridge. 

Stubbin  Mine,   Worrall. 

Mine :  Situated  near  Stubbin  Lane,  1|  miles  south  of  Worrall 
village. 

Maps :  As  for  the  Wadsley  Common  Mine. 

Latitude  53°  25'  3".     Longitude  1°  32'  30". 

Geological  age :  Lower  Coal  Measures. 

A  slant  to  the  west  obtains  the  ganister  below  the  Hard  Mine 
Coal.  The  overlying  coal  has  mostly  been  worked  out,  and  conse- 
quently much  water  comes  into  the  mine  from  the  old  workings. 
The  ganister  has  an  average  thickness  of  2  ft.  6  in. 

Products :  Ganister. 

Transport :  The  stone  is  sent  by  road  to  the  Company's  works  at 
Oughtibridge. 

Mr.  C.  Br  am  all. 

Oughtibridge,  near  Sheffield. 

Myers  Lane,  Langhouse,  and  Hagg  Stones  Mines. 

Works:  Caledonian  Brick  Works. 

ilfme^.-  Myers  Lane  Mine,  Loxley,  Langhouse,  and  Hii gg 
Stones  Mines,  Worrall. 

Maps :  As  for  the  Wadsley  Common  Mine. 
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Myers  Lane:  Latitude  53°  24'  55".    Longitude  1°  31'  50". 

Hagg  Stones :  Latitude  53°  25'  40".     Longitude  1°  32'  20". 

Geological  age  :  Lower  Coal  Measures. 

At  Myers  Lane  and  Langhouse  the  ganister  and  fireclay  used 
come  from  below  the  Hard  Mine ;  that  at  Hagg  Stones  from  belcw 
the  Clay  Coal.  In  the  open-cast  workings  west  of  the  Brick  Works 
the  ganister  below  the  Hard  Mine  Coal  is  variable  in  thickness 
and  texture.  The  section  shows  :  Bearing  with  grit  blocks,  0-  -5 
feet;  black  shale  and  ganister  coal,  15  it. ;  ganister,  1  to  3  ft. 

Products:  Silica-brick  is  the  chief  product;  firebricks  and 
ground   ganister  are  also  sold. 

Transport :  Manufactured  articles  are  conveyed  by  road  into 
Sheffield.     - 

Gregory,  Reddish  &  Co. 

Deepcar,  near  Sheffield. 
Clough  Mine. 

Works  at  Deepcar. 

Mine :  Clough  Mine,  near  the  main  road  to  Bolderstone,  \  mile 
south-west  of  Deejjcar. 

Maps:  One-inch  New.  Ser.  Ordnance  87;  Old  Ser.  Geological 
87  S.W. ;  six-inch  Yorkshire  282  S.W. 

Latitude  53°  28'  40".     Longitude  1°  34'  3". 

Geological  age:  Lower  Coal  Measures. 

This  mine  yields  clay  for  firebricks,  etc.  The  level  is  on  the 
outcrop  of  the  Clay  Coal. 

Products :  The  Hard  Mine  granister  is  bouorht  from  local  firms 
as  a  grog  for  firebrick ;  silica-rocks  from  dilferent  sources  are  used 
and  formerly  a  stone  was  obtained  from  near  Thornhouse  Lane 
(Brightholnilee),  two  miles  south  of  Deepcar.  This  occurred  as 
a  lenticle,  apparently  in  the  Millstone  Grit  Series,  and  is  said  to 
have  had  in  places  the  fracture  of  a  true  ganister.  In  the 
*  Geology  of  the  Yorkshire  Coalfield  '  {Mem.  Geol.  Surv.,  1878, 
p.  45)  the  following  section  is  given  of  a  quarry  100  yards  west 
of  New  Thorn  House:  Hard  closely  grained  sancUtono  8  ft.: 
<Tanister  and  yanister-like  rock  4  ft. 

Beside  firebrick  the  company  manufacture  silica-brick  with  a 
lime-bond,  and  also  sell  ground  ganister  and  lump  fireclay. 

Transport :  From  Deepcar  Station. 

TiTE  General  Refractories  Co.,  Ltd. 
Kelhaui  Island,  Sheffield. 

This  firm  produces  refractories  of  all  kinds,  either  at  its  own 
works  or  by  means  of  associated  or  subsidiary  companies  in 
various  parts  of  the  country. 

Ground  ganister,  steel  founders'  sand  and  composition,  silica 
cement,  and  zirconia,  magnesite  and  chrome  cements  are  made  at 
Kelham  Island. 

Silica-bricks  and  fireclay  bricks  are  made  at  Ambergate  and 
ill   Anglesey. 
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Ganister  is  ground  at  Ambeigate,  Anglesey  and  Guiseley. 

Steel  moulding-sand  and  silica-sand  are  produced  at  Coxhoe 
and   in  other  parts. 

Other  ganister  workers  in  this  district  are,  J.  Cotterell  and 
Chambers  Bros.,  at  Little  Matlock;  The  Loxley  Ganister  Co.,  at 
Wisewood;  Siddons  and  Wragg,  at  Loxley;  Turner,  at  Middle- 
\A'ood;  G.  Longden  and  Sons,  at  Wadsley  Common. 

VALLEY    OF    THE    LITTLE    DON. 

The  chief  works  and  mines  are  situated  between  Deepcar  and 
Stocksbridge.  On  the  north  side  of  the  valley  the  Lower  Coal 
Measures  crop  out  and  continue  on  this  side  of  the  valley  to  past 
Midhopstones  (map,  one-inch  New  Ser.,  86),  and  thence  extend 
to  the  north-west  into  the  Huddersfield  district.  Since  the  out- 
crop keeps  near  the  valley-bottom  the  ganister  below  the  Hard 
Mine  Coal,  which  dips  at  a  considerable  angle  into  the  valle}^  side, 
soon  passes  down  to  below  water-level,  thus  increasing  the  difficul- 
ties of  mining  operations. 

Around  Deepcar  the  succession  of  the  Lower  Coal  Measures  down 
to  the  Clay  Coal  resembles  that  in  Beely  Wood  with  some  differ- 
ences in  detail  as  shown  by  the  following  section  :  — ^ 

Ft.  In. 

Shale          18  0 

Halifax  Hard  Bed  Band  Coal 0  8 

Bat          ...              0  6 

White  Car  Fireclay           .3  0 

Bind            15  0 

Loxley  Edge  Rock  (sandstone  and  stone  bind)           ...          ...  60  5 

Bind  and  shale      65  0 

Halifax  Hard  Mine  Coal              2  0 

Ganister,  variable  in  thickness  ...         ...         ...         ...         ...  16 

Fireclay      4  0 

Bind    '       39  0 

Fire.stone 24  0 

Shale           1  0 

Clay  Coal 1  1 

Fireclay,  variable  in  thickness    ...         ...         ...         ...         ...  2  6 

Bind            5  0 

The  Halifax  Soft  Coal  and  the  Pot  Clay  Coal  are  beneath  the 
level  of  the  river.  In  addition  to  the  mines  given  below,  ganister 
and  fireclays  of  the  same  kinds,  and  obtained  under  similar  con- 
ditions, are  worked  by  Samuel  Fox  and  Co.,  Stocksbridge;  Alan 
Crossland,  Townend;  T.  Brookes  and  Sons,  Bracken  Moor. 

Description  of  rock. — 11570.  '  Crosland's  '  Townend  Common,  Yorks.  Pale  grey, 
very  compact  and  splintery,  fine-grained  quartzite,  streaked  with  carbonaceous 
matter,  and  containing  impressions  of  rootlets.  Consists  of  quartz-grains  somewhat 
widely  spaced  and  about  O'l  mm.,  in  a  close  packing  of  exceedingly  angular  and 
smaller  fragments  of  the  same  material.  Cement  siliceous,  but  turbid  with  impurities. 
Heavy  minerals     moderately  abundant. 

West  of  Stocksbridge  the  outcrop  of  the  Lower  Coal  Measures 
is  continued  along  the  Little  Don  Valley  to  Langsett,  and  thence 
northwards  across  the  Don  Valley,  past  Hazlehead  Bridge,  to 
Honley  (Fig.  3).  This  long  and  broad  outcrop  contains  large 
reserves  of  good  fireclay  below  the  Hard  Mine  Coal,  and  of  ganister 


1  Slightly  abridged  from  a  section  given  by  Mr.  F.  Coultas,  '  Geology  of  Deepcar,' 
Trans.  Fed.  Inst.  Min.  Eng.,  vol.  xiii,  1896-97,  pp.  341-47. 
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of  an  average  tliickness  of  1  ft.  6  in.,  but  vaiying  in  quality.  A 
bastard  ganister  or  silica-rock  occurs  locally  beneath  the  Hard 
Bed  Band  Coal  and  is  quarried  at  Bullhou.se. 
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I'ig-.  o.    Map  shouing  the  distribution  of  the  ganister 

in   the  Don  Valley. 

Qu.\UHiE.s  Indkaikd  «y  Numbers  o.\  thk  Map. 

1.  Bnid.^^liaw ;  '2  tt  ;J,  IJiillhousc;  4,  Crowedge;  5,  Rojd. 

Meltham  Silica  Fikehiuck  Co.,  Ltd. 

Meltham,  Huddersfickl. 
Rogd  Edge  Ganister  Mine. 
Mine:  Situated  near  Royd  Wood,  Gwynn  Lane,  Honley. 
Maps:   One-inch  New  Ser.   Ordnance  86;  Old  Ser.    Geological 
88  S.E.  ;    six-inch   Yorkshire  260  N.E.,  S.E.     Latitude  53°  36' 
30".     Longitude  1°  46'  40'. 

Geological  agr  :  Lower  Coal  Measures. 
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At  present  the  gauister  below  the  Hard  Mine  Coal  is  obtained 
from  open  workings  on  the  site  of  an  old  level  on  the  coal  above. 
The  ganister  bed  varies  in  thickness  from  1  ft.  10  in.  to  2  ft., 
and  the  coal  has  a  shale  roof  in  which  goniatites  are  abundant. 
Iron  salts  derived  from  the  old  workings  in  the  coal  incrust  the 
joints,  but  the  stone  is  free  from  pyrites.  The  rock  is  intermediate 
in  character  between  the  Sheffield  blue  ganister  and  that  of  the 
Halifax  district. 

Description  of  rocks. 

11521.  Dirty-grey  moderately  fine-grained  quartzitic  sandstone,  or  ganister,  with 
darker  carbonaceous  streaks  and  patches.  Cement  siliceous,  but  carrying  a  fair 
amount  of  ferruginous  matter.  Grain  angular  and  somewhat  uneven,  average  less 
than  O'l  mm.,  few  grains  considerably  larger. 

11519.  Grey  fine-grained  ganister  with  plant-remains.  Grains  angular  and  closely 
packed.  Average  slightly  less  than  0*1  mm.  Only  a  few  grains  reach  larger 
dimensions.     Cement  siliceous..     The  rock  appears  to  be  non-felspathic. 

Reserves:  Abundant. 

Products :  Silica-brick  at  the  works.  Ganister  rock  from  the 
mine. 

Transijort :  The  rock  is  sent  by  road  to  the  wDrks  of  the  com- 
pany for  the  manufacture  of  silica-bricks. 

Mr.  G.  H.  Whiteley. 

Slaithwaite,  near  Huddersfield. 
Whiteley' s  Quarry,  Marsden  Moor. 

Quarry :  Opposite  the  Chain  Inn  (now  a  shop)  1\  miles  east  of 
Marsden  on  the  main  road  from  Marsden  to  Meltham. 

Mays:  One-inch  New  Ser,  Ordnance  86;  Old  Ser.  Geological 
88  S.E, ;  six-inch  Yorkshire  259  S.E, 

Latitude  53°  36'  20".     Longitude  1°  54'  20". 

Geological  age :  In  the  Third  Grit  Group  of  the  Millstone  Grit 
Series. 

This  rock,  which  is  obtained  in  a  shallow  excavation,  is  on 
the  same  horizon  as  the  bed  at  Holt  Head,  and  it  is  of  similar 
texture  and  of  nearly  the  same  composition.  Hootlets,  however, 
are  not  so  abundant  as  at  Holt  Head. 

Description  of  rock. 

11522.  Fine-grained  palest  buff  quartzose  sandstone.  Ganister.  With  carbonaceous 
streaks..  Practically  non-felspathic.  Grain  sub-angular  from  0'05  to  0*2  mm., 
average  about  O'l  mm.  Interstitial  matter  of  small  amount  and  mainly  silica.  A 
little  ferruginous  material  is  present  and  the  usual  detrital  heavy  minerals. 

Numerous  blocks  of  a  fine-grained  siliceous  stone  lie  scattered 
over  the  surface  of  the  moor  and  built  into  the  walls.  These  are 
collected  and  sent  by  road  to  Marsden  and  the  works  at  Meltham. 

!Meltham  Silica  Firebrick  Co.,  Ltd, 
Meltham,  Huddersfield. 
Holt  Head  Quarry. 

Quarry :  Near  the  Globe  Inn,  on  the  main  road  from  Meltham 
to  Marsden. 
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Maps:  Oue-inch  New  Ser.  Ordnance  86;  Old  Ser.  Geological 
88  S.E.;  six-inch  Yorkshire  259  S.E. 

Latitude  53°  36'  30".     Longitude  1°  52'  50". 

Geological  age :  In  the  Third  Grit  Group  of  the  Millstone  Grit 
Series. 

The  excavation  shows  {a)  black  unfossiliferous  shales  10  ft., 
resting  on  (6)  a  fine-grained  siliceous  rock,  3  ft.  6  in.,  with  a 
sandstone  floor.  The  rock  (6)  is  of  a  pale-grey  colour,  and  in 
texture  and  mode  of  occurrence  resembles  the  siliceous  sandstones 
of  the  Millstone  Grits  and  Lower  Coal  Measures.  The  presence 
of  rootlets  gives  the  rock  a  ganister-like  appearance,  but  its 
fracture   is  different. 

The  stone  is  worked  in  a  shallow  excavation  liable  to  get 
flooded.  Only  a  few  tons  are  obtained,  which  are  sent  by  road  to 
Meltham. 

Description  of  rock. 

11620.  Cream  coloured,  even-grained,  saccharoidal  quartzitic  sandstone,  with 
plant-remaina.  Grains  sub-angular,  015  to  0'2  mm.  Purely  siliceous,  non-felspathic 
and  non-micaceous.  Cement  siliceous,  but  not  very  compact.  There  is  a  tendency 
for  the  secondary  silica  to  adopt  crystal  outlines.     Interstitial  matter  of  small  amount. 

HUDDERSFIELD,    HALIFAX    AND    LEEDS. 

Passing  northwards  from  the  Shefiield  district  the  ganister 
below  the  Ganister,  or  Hard  Coal,  persists  as  a  distinct  bed, 
but  gradually  changes  its  character.  Around  Huddersfield  the 
composition  of  the  stone  is  closely  similar  to  that  of  Sheffield,  but 
it  is  not  of  so  flinty  a  character  and  is  less  liable  to  yield  angular 
chips  when  broken.  In  the  Halifax  and  Leeds  districts  the  bed 
is  more  often  a  siliceous  clay  rather  than  a  ganister.  On  the 
other  hand,  northwards  of  the  Sheffield  area,  the  sandstones  of 
the  ganister  group  above  the  Hard  Coal  become  more  siliceous, 
and  in  some  localities  the  sandstones  of  the  Millstone  Grit  Series 
are  high  in  silica.  A  similar  change  is  noticeable  going  south 
from  Sheffield  into  Derbyshire  (p.  70). 

The  district  is  an  important  centre  of  the  firebrick  industry, 
but  the  manufacture  of  silica-brick  is  of  recent  introduction,  and 
is  still  carried  on  only  on  a  comparatively  limited  scale.  For 
the  production  of  different  classes  of  firebrick  the  clays  from 
below  the  Halifax  Hard  Coal  and  from  below  the  40  and  48 
Yards  Band  Coal  are  chiefly  used.  Around  Leeds  the  under- 
clay  of  the  Better  Bed  Coal  above  the  Elland  Flags  is  extensively 
used,  the  clay  being  obtained  from  pits  raising  the  coal.  Propor- 
tions of  the  siliceous  rocks  from  below  these  coals,  and  also  from 
below  the  Clay  Coal,  are  added  as  a  grog  in  certain  classes  of 
firebrick.  At  Meltham  a  first-class  silica-brick  is  made  from  the 
ganister  below  the  Halifax  Hard  Coal  and  from  rocks  obtained 
from  the  Millstone  Grit  Series  on  Marsden  Moor.  The  reserves 
of  fireclay,  silica-rock,  and  of  ganister,  subject  to  the  variations 
in  character  mentioned  above,  are  very  great. 

The  ganister  of  the  Halifax  Hard  Coal  occurs  at  ^Messrs.  .Joseph 
Morton  and  Co.'s  Cinder  Hill  Fireclay  Mine,  Siddal,  Halifax. 
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Scale 


3  Mllas 


Fig.    4.     Mnj)  sliowing  the  distrihution  of   the  ganister   in  the 

H  udders  field  arid  Halifax  district. 

Minks  and  Quaiuues  Indicated  ky  Numbers  ox  the  Map. 

1,  Field  House  ;  2,  Newhall  (Luty) ;  3,  Cnlder ;  4,  Siddal ;  5,  Cinder  Hill ; 

6,  Beacon  Hill;    7,  Dutch  Baru;    8,  Horley  Green  ;    9,  Mytholme; 

10,  Howcans.     Erratum. — For  Orenden  read  Ovenden. 
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The  general  succession  between  the  Hough  Kock  (First  Mill- 
stone Grit)  and  the  Elland  Flags  is  as  follows:  — 

Ft .  In. 

J^LLAND  Flags — 

Shalea  

80  Yards  Band  Coal  (Upper  Band  Coal)  

80  Yards  Band  Rock       

Measures    ... 

48  Yards  Band  Coal  (Hard  Bed  Band  Coal) 

Measures    ... 

40  or  36  Yards  Band  Coal  

40  or  36  Yards  Band  Rock         

Measures    ... 

Halifax  Hard  Coal  (Canister  or  Hard  Mine  Coal) 

Measures    ... 

Middle  Band  or  CJay  Coal  

Measures  with  Middle  Band  Rock 

Halifax  Soft  Coal .  

Measures    ... 

Coal  with  underclay  5  f  t.  

Rough  Rock       — 

Some  of  the  rocks  are  described  below. 

Description  of  rocks. 

11524.  Middle  Band  Rock.  Pale  buff  fine-grained  speckled  and  slightly  micaceous 
sandstone.  Grains  sub-angular,  mainly  0.1  mm.  or  less.  The  rock  is  composed  largely 
of  quartz,  but  there  is  a  fair  admixture  of  alkali  and  lime  felspar,  white  mica,  chert 
ura'ns  and  small  fragments  of  felsitic  igneoua  rocks.  Iron  compounds  are  fairly 
common  in  the  cement. 

11532.  Hard  Bed  Canister.  Extremely  fine-grained  dark  grey  siliceous  rock  full 
of  plant-remains.  Grains  angular  and  of  about  0.03mm.  Cement  mainly  siliceous. 
The  whole  rock  has  a  dirty  aspect  due  mainly  to  carbonaceous  matter.  There  is  a 
fair  amount  of  mica  in  minute  flakes.  Rutile  is  abundant.  The  percentage  of 
titanium  would  be  relatively  high. 

11533.  The  36  Yards  Band  Rock.  Pale  grey  to  buff-streaked,  fiiu-grained  sand- 
stone. Micaceous.  Grains  sub-angular  and  of  about  0.1  mm.  Somewhat  impure, 
but  not  felspathic.     Titanium  present  as  rutile  and  as  secondary  anatase  and  brookite. 

Meanwood  Quarries,  Bentley. 

Quarries:  Situated  on  the  west  side  of  the  Meanwood  Tram 
Terminus. 

Maps:  One-inch  New  Ser.  Ordnance  70;  Old  Ser.  Geological 
93  S.W. ;  six-inch  Yorkshire  203  S.W. 

Latitude  53°  49'  30".     Longitude  1°  34'  0". 

Geological  age  :  Lower  Coal  Measures. 

At  the  present  time  a  pale  buff  siliceous  sandstone  about  12  ft. 
thick  resting  on  a  0  in.  seam  of  coal  is  being  extracted  on  waste 
laud  on  which  buildings  are  in  course  of  erection.  There  are  two 
shallow  excavations,  in  both  of  which  lenticles  of  a  nearly  pure 
white  sand  rock  occur.  On  the  east  side  of  the  load  the  outcrop 
of  this  rock  is  shown  on  the  six-inch  map  to  extend  north  for  a 
distance  of  over  a  mile,  but  there  are  no  indications  to  show  if  the 
quality  of  tlie  stone,  has  been  tried.  Very  little  stone  is  now 
(|uarrii'd,  but  formerly  large  quantities  were  sent  into  Leeds  and 
Sheffield  from  Rowley's  Quarry  (now  filled  ud),  100  yards  south 
of  the  existing  excavations.  'Ihe  following  details  are  given  of 
this  quarry  on  the  six-inch  geological  map  :  Gravel  6  to  12  ft., 
galliard  14  ft.,  coal  6  to  9  in. 
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GuisELEY  Silica  Co.,  Ltd. 

Hawksworth,  Guiseley. 

Hawksworth  Quarry. 

Quarry:  Situated  one  mile  S.W.  of  Guiseley  Station,  near  a 
by-road  o&  the  main  road  from  Guiseley  to  Hawksworth. 

Maps:  One-inch  New  Ser.  Ordnance  69,  Old  Ser.  Geological 
92  S.E.;  six-inch  Yorkshire  201  N.E.  and  202  N.W. 

Latitude  53°  51'  50".     Longitude  r  43'  50". 

Geology :  On  the  Geological  Map  the  site  of  the  quarry  is  on 
an  outcrop  of  the  Hough  Hock  of  the  Millstone  Grit  Series.  In 
character  it  closely  resembles  the  32  lards  lock  of  Meanwood 
(p.  31)  and  of  Horsforth  Hill,  while  it  is  very  unlike  the  coarse 
f elspathic  Grit  of  the  Hough  Hock  in  the  Aire  Valley,  but  parts 
of  it  come  near  the  silica  rock  of  Marsden  Moor,  though  with 
a  higher  silica  percentage.  Owing  to  the  northerly  dip  the  bearing 
of  yellowish-grey  shale  increases  from  2  ft.  on  the  south  side 
of  the  quarry  to  15  ft.  on  the  north  side.  Beneath  this  cover  about 
15  ft.  of  sandstone  is  quarried  in  three  lifts  made  up  of  a  top 
lift  6  ft.  thick,  a  middle  lift  from  1  ft.  9  in.  to  2  ft.  thick,  and 
a  bottom  lift  averaging  2  ft.  in  thickness.  The  bottom  lift  rests 
on  a  sandstone  of  inferior  grade  and  this  on  a  eoal  9  in.  thick 
with  a  fireclay  seat.  The  bedding  is  irregular,  and  the  three 
lifts  of  marketable  stone  occur  in  wedges.  Numerous  slickensided 
joints  break  up  the  rock  into  blocks,  with  their  joint  faces  coated 
with  a  thin  film  of  greasy  clay.  Two  faults  of  a  few  inches' 
throw  traverse  the  quarry  on  the  east  side.  The  rock  is  essentially 
a  highly  siliceous  sandstone,  varying  only  slightly  in  colour  from 
nearly  pure  white  to  a  faint  orange  yellow.  In  quality  the  middle 
lift  is  considered  the  best  and  the  lower  lift  the  more  inferior 
stone,  but  all  three  are  of  high  grade. 

Description  of  rocks. 

11511.  First  quality  stone.  White  fine-grained  pure  quartzite.  Non-felspathie 
and  with  only  an  occasional  flake  of  mica.  Quartz  sub-angular  with  average  of  grain, 
about  0.15  mm.  Siliceous  cement,  somewhat  turbid,  ar.d  with  a  fair  quantity  of  heavy 
detrital  minerals. 

11513.  Top  lift  stone.  Similar  rock,  but  less  siliceous  and  somewhat  friable. 
Grains  mostly  quartz,  averaging  O'l  mm.,  and  under. 

11514.  Bottom  Bed.  White  friable  sandstone.  Similar  to  the  above,  but  with  less 
s'lica  as  cementing  matter.     Contains  a  few  moderately  large  flakes  of  white  mica. 

11586.  Bottom  lift  stone.  White  fine-grained  saccharoidal  quartzite.  Averagegrain 
O'l 5  mm.  Grains  angular  and  almost  entirely  of  quartz.  Interstitial  matter  mainly 
siliceous,  but  locally  rendered  opaque  by  ferruginous  and  titaniferoua  impurities. 
Secondary  brookitc  is  present.     Detrital  heavy  minerals  in  about  the  usual  proportion. 

Reserves  are  abundant.  About  50  yards  to  the  south  of  the 
quarry  the  bed  crops  out  under  a  thin  cover  of  drift,  but  along 
the  strike  the  rock  has  been  proved  by  boring  for  a  distance  of 
200  yards. 

Market  and  Transport :  Ground-ganister  is  now  made  at  the 
quarry  from  the  stone  and  the  fireclay  beneath  the  coal  mentioned 
above.  Sheffield  and  Elland  are  the  chief  markets,  Guiseley 
Station  is  1^  mile  distant  by  road  from  the  quarry. 
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It  is  only  within  recent  years  that  the  rock  has  been  used  as 
a  source  of  silica,  though  the  Guiseley  district  has  long  furnished 
building  stones  obtained  from  different  beds  of  the  Millstone  Grit 
Series.  The  similarity  of  the  Moor  Lane  rock  to  that  of  the 
32  Yards  Rock  cropping  out  on  Hill  Top,  Horsforth,  three  miles 
south-east  of  Guiseley,  suggests  that  a  suitable  stone  may  be 
found  nearer  to  a  railway  where  the  outcrop  of  the  32  Yards  Bed 
is  shown  on  the  Geological  Map. 

Description  of  rock. 

1 1 527.  Horsforth  HilJ.  Palest  grey  to  white,  fine-grained  quartzHe.  Grain  angular 
and  somewhat  uneven,  average  about  O'l  mni.  Mostly  quartz,  with  a  little  felspathic 
matter.  No  mica.  Interstitial  material  silica  with  some  finely  divided  iron  ore  and 
the  usual  detrital  heavy  minerals.     Tourmaline  is  conspicuous. 
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CHAPTER    III. 

SILICA-EOCK  AND  GANISTER— (contmwe^). 

NORTH-EASTERN  DISTRICT. 

County  Durham  and  part  of  Nohthumbeeland,  avith  North 
Cleveland  and  other  parts  of  the  North  Riding  of 
Yorkshire. 

The  nortli-eastern  district,  unlike  the  Sheffield  district,  contains 
no  single  rock  that  is  regarded  as  of  pre-eminent  quality  for  the 
manufacture  of  first-class  silica-brick.  For  it  contains  no  known 
rock  that  exhibits  the  extreme  fineness  of  grain,  density,  hardness 
and  other  physical  qualities  of  the  best  '  Sbeffield  blue  ganister.' 
But  several  rocks  are  found  that  possess  similar  properties  in 
somewhat  less  degree  (see  p.  5).  Consequently  materials  for 
silica-brick  making  in  the  northern  district  are  drawn  from  a 
considerable  variety  of  rock-beds,  of  which  no  one  bed  is  held  to 
be  indispensable.  At  least  fifteen  different  beds  of  quartzitic  sand- 
stone are  in  use  for  silica-brick  making,  and  some  of  these  are 
worked  independently  at  several  localities,  so  that  only  their 
geological  relationship  can  determine  their  identity. 

These  rocks  are  distributed  through  a  rather  wide  stratigraphical 
range.  Such  as  are  now  used  as  acid  refractory  materials  range 
from  a  horizon  not  far  above  the  Scar  Limestone,  more  than 
1,000  ft.  below  the  top  of  the  Carboniferous  Limestone  Series, 
upward  through  the  Millstone  Grit  into  the  Lower  Coal  Measures ; 
while  one  or  two  occur  in  the  Inferior  Oolite  division  of  the 
Jurassic  rocks.  There  are  doubtless  other  suitable  rocks  to  be 
found  still  lower  in  the  Carboniferous  system,  but  the  geographical 
position  of  their  outcrops,  remote  from  the  manufacturing  districts 
and  often  without  transport  facilities,  excludes  them  from  the 
category  of  refractory  materials  useful  under  existing  conditions. 

A  great  change  of  character,  as  well  as  a  great  increase  of 
thickness,  takes  place  in  the  Lower  Carboniferous  rocks  on  passing 
from  the  north-midland  to  the  northern  counties.  That  thick 
mass  of  marine  limestone  which  constitutes  nearly  the  whole 
Lower  Carboniferous  in  Derbyshire,  splits  into  numerous  smaller 
limestones,  between  w^hich  sandstones  and  shales  come  in,  partly 
of  estuarine,  or  even  fresh- water  origin,  with  several  coal-seams. 
Moreover,  still  lower  strata  of  Carboniferous  age  make  their 
appearance,  and  consist  mainly  of  similar  sandstones  and  shales. 
Consequently,  in  the  north  of  England,  as  in  Scotland,  a  con- 
siderable proportion  of  the  Lower  Carboniferous  sequence 
approximates  to  the  conditions  of  the  later  Coal  Measures,  and 
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contains  guuistejs  and  other  .silica-rocks,  such  as   are  associated 
only  with  higher  Carboniferous  strata  in  the  North  Midlands. 

The  general  habit  of  the  district  shows  a  slight  eastward  dip, 
with  a  consequent  Jiorth-and-south  strike  of  the  rocks.  But  the 
effect  of  valley-erosion  upon  minor  undulations  of  the  strata  has 
deeply  modified  this  arrangement  of  the  outcrops.  Still,  the 
inclination  of  the  strata  is  in  a  general  eastward  direction,  and 
almost  invariably  slight. 

All  the  rocks  worked  for  acid  refractory  material  are,  with  one 
unimportant  excejition,  stratified  sedimentary  rocks,  the  excep- 
tion being  a  vein-quartz  (from  a  quartz-vein  south-west  of  Froster- 
leyj,  which  has  lately-  been  obtained  for  trial  as  a  minor  constituent 
in  silica-brick  mixture. 

The  various  stones  used  for  silica-  and  j»;anister-brick  makinjr  in 
this,  as  in  other  districts,  fall  naturally  into  two  more  or  less 
distinct  types  of  rock,  viz.,  (a)  ganisters  and  bastard  ganisters; 
{b)  other  quartzitic  sandstones  (silica-rocks). 

The  valleys  of  the  Wear  and  Tyne  cross  the  whole  outcrop  of 
the  rock-series  from  which  these  refractory  materials  of  Carboni- 
ferous age  are  got;  and  both  are  traversed  by  lailways  throughout 
the  greater  part  of  their  length.  In  Tynedale  the  manufacture 
of  silica-  and  ganister-brick,  never  extensively  practised,  has 
almost  died  out.  But  Weardale,  in  which  nearly  all  the  rock-beds 
used  for  the  purpose  in  the  north  of  England  crop  out  within 
reasonable  distance  of  the  railway,  offers  a  wide  choice  of  materials 
— and  there  is  the  chief  seat  of  the  industry,  with  its  centre  at 
Crook. 

The  industry  is  ( arried  on  also  at  Middlesbrough  and  Consett ; 
the  Jurassic  silica-rock,  of  which  some  is  sent  to  Sheffield  and 
Huddersfield,  being  used  at  Middlesbrough,  together  with  ganis- 
ter  from  Weardale. 

The  sketch-map  forming  Plate  1  (facing  p.  42)  shows  the  situa- 
tion of  the  principal  works  in  relation  to  the  various  sources  of 
raw  material  in  Durham  and  the  Xorth  Eiding. 

It  will  be  seen  tliat  the  wide  choice  of  local  material  enables 
all  the  brick-works  in  Weardale  to  draw  almost  the  whole  su]iply 
of  their  raw  mateiial  from  that  dislrict;  yet  a  small  proportion 
is  brought  a  much  greater  distance  from  Wenslevdale  and  Tees- 
dale. 

Though  the  railway  from  Weailiead  carries  the  stone  to  the 
works,  most  of  this  stone  has  first  to  be  carted  for  distances  uj) 
to  4  or  5  miles. 

Little  or  none  of  the  Weardale  ganister  and  silica-rock  is  sent 
to  Yorkshire;  but  some  of  the  North  Cleveland  Jurassic  stone  is 
used  there. 

The  following  table  shows  the  stratigraphical  order  and  position 
of  important  refractory  rocks  in  the  northern  district:  — 
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Table  showing  the  geological  position  of  the  Ganister  and  Silica- 
rocks  worked  in  the  north-eastern  district  of  England. 


In  North  Cleve- 
land. 


Inferior  Oolite. 


Moor  Grit  at  base 

of  Upper 
Estuarine   Series 


C  '  White  flint  '  of  Com- 

mondale,     Lealholm, 

etc. — top  bed  of  Moor 

/  Grit 

(15)  I  Silica-rock    of    Com- 
mondale  and  Castle- 
ton — main     part     of  . 
Moor  Grit      J                                  ' 

(14)    Middle   Estuarine   Series   (part) : — shales 
with  limestones  and  sandstones,  perhaps 

'  Pencil-ganister '  of  Commondale,  an 
impure  bastard  ganister  with  rootlets, 
below  a  thin  coal. 


Thickness 
in  feet. 


20 


200 


Carboniferous. 


In  Durham. 


/Lower  Coal  Measures: — shales,  sandstones,  fire- 
clays and  few  thin  coals,  including  in  lower 
part  : — 

(13)  Silica-rock     of     Stuartfield     Lodge     (near 
Satley),  Ward's  &  Todd's  quarries  (Knits- 
ley  Fell,  south  of  Wolsingham) ; 
and  a  few  feet  from  base  : — 

(12)  Ganister  of  Byerley  House  (near  Satley), 
the  Tow  Law  quaiTies,  Love's  Knitsley 
Eell  quarry,  the  Doctor's  Gate  quarries 
(south  of  Wolsingham)  and  Black  Hill  : — 

Total  thickness  of  measures    200-300 

Millstone  Grit :  —  three  sandstone  groups, 
separated  by  shales  and  containing  : — 

(11)  Silica-rock  of  Castle-hiU  (near  Consett), 
probably  in  top-most  beds. 

(10)  Silica-rock  of  Cross  quarry  (north  of  Craw- 
ley-side,  Stanhope) ;  in  upper  sandstone 
group. 

(9)  Sihca-rock   of   West   Butsfield   quarry  ;    in 
top  of  middle  sandstone  group. 

(8)  Silica-rock    of    Love's    San'dy    Carr    quarry 
and  WeatherhiU  quarry  (north  of  Wolsing- 
ham) ;   in  middle  sandstone-group, 
\  Total  thickness  of  measures  about      330 
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Carboniferous  Limestone  Series  (Calcareoag  Group^uppsr  part). 


Approximate 

distance  in 

ft.  below 

Millstone  Grit. 


In  Durham,  with 
Teesdale,       and 
Wensleydale.and  ^ 
part  of  Northum- 
berland. 


y' (7)  Silica-rock     of     Egglestone     ('Romaldkirk 

'         ganister')         at     20-50 

Shales,    sandstones,    etc.,    with    Fell  -  top 
Limestone       ...         ...         ...         ...         at       160-250 

Shales  and  slate-sills  (sandstones). 

(6)  Silica  -  rock      of      Coulthard's      Harthope 

quarry  ...    • at      270-350 

(5)  Ganister  (pencil-ganister)  and  bastard 
ganister  of  Hume's  and  the  Sunderland 
Cleugh  Co.'s  Rookhope  quarries  ;  probably 
also  of  Frosterlev       ...         •••         ...  at       380 

Firestone  SiU      '        at       400 

Great  or  Main  Kim3stone  (60-90  ft.)  at       700 

(4)  Silica-rock       of       Fourstones       (Hexham), 

underlying  Main  Limestone^  ...         at       770 

Four-Fathom  Limestone      ...         ...         at       850 

(3)  Wensley  rock   (Wensleydale),   and   bastard 
ganister  and  sihca-rock  of  the  Gold  Hill 
(Wearhead)       quarries       (Nattrass       Gill 
Ganister),    underlying    the    Undersett    or 
Four-Fathom  Limestone      ...         ...         at       870 

Shales. 

(2)  Silica-rock  (Brigg  Hazel  rock)  of  Lanehead 
(Wearhead)  and  Finlay's  Harthope  or 
St.  John's  Chapel  quarry;  also  (?)  that 
of  Gowland's  Westgate  quarry       ...         at       890 

Three-Yard  Limestone  (?) at       920 

Shales,  sandstones,  etc. 

(l)Lunedale     rock     (near     Middleton-in-Tees- 
dale),  according  to  the  six-inch  geological 
map,  between  the  Five-yard  Limestone  at       980 
\  and  the  Scar  Limestone at     1068 

Some  of  the  beds  are  worked  at  intervals  for  a  distance  of  several 
miles  along  their  outcrop  without  material  change  of  character. 
Thus,  the  Jurassic  rock  of  Castleton,  etc.,  is  quarried  at  four 
localities  in  a  distance  of  9  miles  in  North  Cleveland  on  the  north 
side  of  the  Esk  valley.  As  it  forms  an  extensive  though  not 
continuous  sheet  upon  the  surface  of  the  moorland  over  a  wide 
area,  there  is  no  reason  to  doubt  that  it  might  be  found  of  similar 
quality  at  many  other  places  on  both  sides  of  the  Esk  valley. 
For  9  miles  in  North  Cleveland  the  main  part  of  the  Castleton 
rock  shows  little  change  in  composition  and  character  as  a  fine- 
grained quartzitic  sandstone,  varying,  however,  to  some  extent 
in  size  and  evenness  of  grain.  But  the  '  White  Flint,'  locally 
constituting  the  top  bed,  exhibits  some  variation  in  size  and  close- 
ness of  grain,   and  in  amount  of  interstitial  silica. 

Although  most  extensively  used  in  the  district  north  of  the 
Esk,  tiie  presence  of  the  *  AVhite  Flint '  of  the  Moor  Grit,  on  the 
high  moors  on  the  south  side,  is  indicated  by  the  large  white 
blocks  called  '  crow  stones '  which  strew  the  ground  in  some 
parts.  The  *  white  flint  '  has  been  quarried  for  road  metal,  and 
the  '  crow  stones  '  have  been  collected  for  the  same  pui*pose  as 
well  as  for  use  as  siiica-rock.     It  is  a  pity  that  this  stone  should 


1  At  Hexham,  further  north  than  the  other  locaJitiea,  the  distance  of  this  limestone 
below  the  Millstone  Grit  is  probably  somewhat  greater.  Messrs.  Wm.  Benson  &  Son, 
Ltd.,  W(irk  the  quarry  at  Fouretones. 
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liave  been  employed  for  macadam  wiiere  otlu  r  stones  Avere  avail- 
able. (See  '  The  Geology  of  North  Cleveland,'  1888,  p.  55,  and 
'  The  beology  oi  the  country  between  Whitby  and  Scarborough  ' 
second  edition,  1915,  p.  130.    Memoirs  Geol.Surv.) 

The  silica-rock  o±  Stuartfield  Lodge,  near  Satley,  if,  as  it 
seems,  the  same  bed  as  that  of  Ward's  and  Todd's  quarries  on 
Knitsley  Fell,  persists  as  a  valuable  stone  for  at  least  7  miles, 
and  the  somewhat  lower  ganister  of  Tow  Law,  etc.,  almost  cer- 
tainly for  10  miles,  both  rocks  occurring  on  both  sides  of  Wear- 
dale.  Since  the  strata  assigned  to  the  Lower  Coal  Measures  are 
represented  on  the  map  as  thinning  away  northward  in  Northum- 
berland, these  two  rocks  may,  perhaps,  not  extend  far  in  that 
direction.  But  there  is  no  reason  to  assume  that  they  do  not 
persist  southward;  and  their  outcrops  should  be  easy  to  find  on 
account  of  their  proximity  to  the  top  of  the  Millstone  Grit  (repre- 
sented on  the  Geological  map).  The  rock  of  Stuartfield,  etc.,  is 
characterised  by  fineness  and  angularity  of  grain  rather  than  by 
quartzitic  cementation ;  the  ganisters  of  Byerlev  House,  Tow  Law, 
etc.,  by  angularity  of  grain  and  by  a  higher  degree  of  cementa- 
tion. 

The  Rookhope  ganister  appears  to  extend  for  at  least  8  miles 
on  the  north  side  of  W^eardale;  but  it  has  not  been  found  south 
of  that  valley.  Compared  with  the  ganister  of  Byerlev  House, 
etc.,  the  Black-pencil-ganister  of  Rookhope  has  a  somewhat 
coarser  but  equally  angular  grain,  and  is  well  quartzitized. 

The  Nattrass  Gill  and  Wensley  rocks,  though  differing  in 
thickness  and  proportion  of  pencil-ganister  to  silica-rock,  appear 
to  belong  to  the  same  bed  at  points  36  miles  apart;  for  they 
both  underlie  what  is  regarded  as  the  same  limestone,  known 
as  the  Four  Fathom  in  the  North  and  the  Undersett  in  the 
South.  In  that  case  the  overlying  limestone  should  afford  a 
ready  clue  to  the  outcrop  of  the  refractory  bed  in  such  inter- 
mediate positions  as  Teesdale  and  Swaledale.  The  bastard 
ganister  of  Nattrass  Gill  shows  a  rather  coarser  grain  than  its 
apparent  equivalent  at  Wensley  (from  which  it  differs  in  other 
respects)  and  the  higher  ganister  at  Byerley  House,  etc.  It  has, 
moreover,  a  varying  proportion  of  calcareous,  as  well  as  siliceous, 
cement. 

The  Brigg  Hazel  rock  is  worked  at  two  or  three  localities  in  a 
distance  of  four  or  five  miles,  and  as  it  shows  signs  of  changing 
southward  and  eastward,  is  more  likelj-  to  persist  northward  as  a 
good  stone. 

All  the  other  silica-rocks  of  the  district  are  worked  each  at  only 
one  place. 

The  known  ganisters  and  bastard  ganisters  of  the  district  are 
few  In  number — not  more  than  three  or  four — and  rarely  as  much 
as  6  ft.  in  thickness,  the  general  thickness  of  these  beds  being 
from  3  ft.  to  4  ft.  6  in.  It  is  probably  on  this  account  mainly  that 
so  many  other  silica-rocks  are  in  use  for  brick-making.  B"ut  a 
certain  practical  advantage  is  sometimes  derived  from  working 
such  other  silica-rocks,  in  that  these  are  often  of  considerable 
thickness,  so  that  a  given  area  will  yield  a  much  srreater  amount 
of  material.  Further,  thick  bed  of  such  material  is  usually  more 
readily  found  and    more    easily  traceable    from   place   to  place, 


(1)  Ganisters  and  bastard  ganisters 
( '  pencil  -  ganisiters  ' ),     one     or 
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owing  to  the  escarpment  ioinied  by  its  outcrop;  whilst  it  is  also 
much  more  likely  to  be  free  from  cover  than  a  thin  bed  of  gauister 
lying  amongst  softer  strata. 

On  the  other  hand  the  ganisters  are  probably  more  likely  to 
persist  for  considerable  distances ;  and  it  is  noteworthy  that  of 
all  the  Carboniferous  rocks  used  as  refractory  materials,  the  few 
that  undoubtedly  extend  for  several  miles  include  three  rocks 
essentially  of  ganister  typo. 

Though  the  known  beds  of  ganister  or  bastard  ganister  in  the 
district  are  few,  it  may  safely  be  said  tliat  the  silica-brick  industry 
has  not  felt  any  shortage  of  this  material  such  as  is  not  directly 
due  to  shortage  of  labour  or  to  lack  of  enterprise  in  locating  and 
opening  up  other  parts  of  the  outcrops.  In  fact,  it  maj'  be  said 
that  the  supply  of  this  material  available  by  quarrying  and 
mining  in  the  few  ganister-beds  at  present  known  and  worked 
must  be  still  almost  intact.  Of  other  silica-rocks  the  amount  is 
practically  inexhaustfCle. 

The  following  classification  of  stones  employed  for  the  manu- 
facture of  refractory  bricks  is  based  mainly  upon  the  actual 
practice  of  brick-makers  in  the  district :  — 

<'{a)  Ganistfrs  : — '  pencil  -  ganisters  '  of 
Byerley  House,  Tow  Law,  Ltjve's 
Knitsley  Fell  Quarry,  the  Doctors 
Gate  Quarries  ;  of  the  Rookhope 
Quarries,  and  probnbly  also  FroHter 
more   of   which,    from   one    or  i  ley  Quarry, 

more  localities,  foim  important  (6)  Bastard  ganister  and  silica-rock: — 
con.stituents     of    all     mixtures  Nattrass      Gill       '  pencil  -  ganister' 

for  '  best  silica- brick.'  |  from  the  Gold  Hill  and  Lanehead- 

l,  quarries. 

r  Silica-rocks  of  the  Stuartfield  Lodge 
I  and    Cross    Quarries ;     the    Egglestone 

(2)  Silica-rocks    ('ganisters')    used  |  (Romald  kirk)      rock;       silica  -  rock      of 

as  a  large  constituent  in  some  [  Coulthard's    Harthope   Fell    Quarry  ; 

mixtures  for  '  best  silica-brick.    1  the    Brigg    Hazel    Rock    of    Lanehead  ; 

I  the  Lealholm  '  White  flint  '  ;  Castleton 
t  and  Comniondale  rock. 

(3)  Silica-rocks    ('ganisters')   used,         Silica-rocks    of    Ward's    and    Todd's 

some  of  them  widelj',  as  a  less  \  Knitsley  Fell  Quarries  ;  the  Castle  Hill 
important  constituent  in  mix-  Quarry ;  the  West  Butsfield  Quarry ; 
tures  for  '  best  silica-brick,'  or  Love's  Sandy  Carr  Quarry  ;  Weatlur- 
as  a  main  constituent  in  '  2nd  j  hill  Quarry  ;  the  Wen.sley  rock  (with  a 
Silica-'   or   in    '  ganister-brick.'     little  '  pencil-gani.ster  '  at  toj)). 

(4)  Silica-rocks    (' gani.sters ')    used] 

as  a  minor  constituent  in  some  /      Silica-rock     of     Finlay's     St.     John's 
mixtures  for  '  best  siJica-brick,'     Chapel     or      Harthope      Quarry;       the 
or  as  a  main  constituent  in  '  2nd  1  Linieflale  rock. 
Silica-' or  in  '  ganistei-brick.'       } 

So  far  practically  all  the  ganister-  and  silica-rock  of  the  dis- 
trict has  been  obtained  by  oj)encast  work;  for,  unlike  the  fire- 
clays, none  of  those  rocks  are  associated  with  coals  worked  at  the 
collieries.  ]iut  Messrs.  Girling  and  Co,  are  mining  a  certain 
amount  by  drift  at  Stuartfield  Lodge;  and  Messrs.  Pickford, 
Holland  and  Co.  have  recently  been  sinking  a  shaft  behind  their 
Tow  Law  Quarries  for  the  purpose  of  mining  their  ganister. 

Opencast  quarrying  Is  done  for  the  most  part  with  crowbar, 
pick,   and  shovel  ;    for   the  majority  of  the  workings  are   small, 
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with  weekly  output  of  less  than  100  tons ;  but  a  few  of  the  larger 
quarries  raise  200  tons  or  more  a  week.  Blasting  is  sometimes 
done,  where  the  rock  is  wide-jointed,  or  where  overlying  boulder- 
clay  is  tough.  The  Cross  Ganister  Company  were  installing  a 
steam-navvy  at  their  Cross  Quarry,  near  Stanhope,  for  removing 
the  cover  of  shale. 

YORKSHIRE. 

Crossley  &  Sons,  Ltd. 

Station  Street,  Middlesbrough. 
Commondale  Quarries. 

Works :  Stoneware  Pipe  and  Brick  Works,  Commondale,  via 
Grosmont,  ^  mile  north-west  of  Commondale  Station. 

Quarries :  The  main  quarry  (Commondale  Ganister),  on  Skel- 
derskew  Moor,  a  little  more  than  1  mile  N.N.W.  of  Commondale 
Station.  '  Pencil  Ganister  '  quarry  farther  south,  about  ^  mile 
west  of  the  works. 

Maps:  One-inch  New  Ser.  Ordnance  34;  Old  Ser.  Geological 
104  S.W. ;  six-inch  Yorkshire  30  N.W. 

Commondale  Ganister  Quarry:  Latitude  54°  29'  47".  Longi- 
tude 0°  59'  3". 

Pencil  Ganister  Quarry :  Latitude  54°  29'  22".  Longitude 
0°  59'  0". 

Geological  age:  Lower  Oolites,  Estuarine  Series. 

The  '  Commondale  Ganister  '  (a  silica-rock)  is  the  Moor  Grit 
underlying  the  Upper  Estuarine  Series.  The  '  pencil  ganister  ' 
(a  bastard  ganister)  is  considerably  lower,  below  the  Grey  Lime- 
stone Series  and  in  either  the  Middle  or  the  Lower  Estuarine 
Series,  here  not  separable.  It  comes  in  at  a  distance  of  probably 
200-250  ft.  below  the  base  of  the  Moor  Grit,  apparently  at  a  lower 
horizon  than  the  '  freestone  '  of  Castleton,  which,  however,  has 
not  been  recognised  above  the  pencil  ganister,  though  it  has  been 
found  a  little  farther  east. 

The  beds  lie  nearly  flat,  and  the  Commondale  Stone  on  the 
surface  of  the  moorland  has  little  or  no  cover.  The  pencil 
ganister,  however,  cropping  out  farther  south  on  the  southward 
slope,  quickly  passes  under  thick  cover. 

The  quarries  and  their  immediate  neighbourhood  exhibit  the 
following  general  sequence  in  the  Commondale  Stone  and  the 
beds  next  below  :  — 

Th"ckne88. 
^  (/)  '  White     Flint.' — Very     hard     fine-grained       Ft. 
quartzite,    pale    bliiish    grey   to    whitish,    not 
present    in    the    quarry,    but    found    a    little 
higher  up  the  slope  on  the  top  of  the  moorland       1-4 
(e)  '  Hard     Ganister.' — Less     hard     and     less 
quartzitic,   but   otherwise   sinailar   fine-grained 
sandstone,   the    highest    beds    of   the    quarry ; 
Moor  Grit       . . .  /      perhaps   partly  homotasial   with  the  division 

*      next  below  ...         ...         ...         ...         ...       5-6 

{d)  '  Soft     Pure     Silica     Stone.' — Soft,  fine- 
grained pure  white  quartzose  sand.stone  ...       7-8 
(c)  '  Ordinary      Silica      Sand.' — Soft,    rather  H' 

flaggy,  dirty  white  and  yellowish  sandstone     ...  \.  1-5 
(6)  '  Bastard    Ganister.' — Similar  soft     sand- 

^     stone,  but  red ;  not  used  1-3 

Passage  beda         (a)  'Loam.' — Very     fine-grained 2  quartzose    sUt  '' 

or  very  soft  silt  rock         ...  ^^^ 9-12 
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The  basal  '  loam  '  crops  out  on  flat  ground  below  the  escarpment 
of  the  Moor  Grit,  and  on  that  account  was  evidently  not  included 
in  the  Moor  Grit  in  mapping  the  ground. 

The  above  sub-divisions  of  the  Moor  Grit,  as  recognised  for 
commercial  purposes,  certainly  in  part  pass  laterally  one  into 
another,  for  the  total  of  their  maxima,  exclusive  of  the  '  white 
flint,'  is  considerably  in  excess  of  the  total  thickness  of  stone  in 
the  quarry. 

In  the  '  pencil-ganister  '  quarry,  the  section  shows  :  — 

Ft.  In. 

/Shale?  — 

Coal 2-3 

'  Pencil-Ganisteb.' — Rather    hard    fiae-grained, 

Middle  or  Lower  I      siity,     quartzoae     sandstone,  dark    grey     and 

Eatuarine  ^      earthy    looking,    but    drying    dull    white    on 

Series.  heating    and    with    numerous    long,    tapering, 

straight     and     parallel    rootlets     (an    impure 

bastard  ganister) 3     0 

vShale?  — 

Description  of  rocks. 

11487.  The  'White  Flint'  is  a  compact  palest  grey  fine-grained  rock,  faintly 
streaked  with  iron-compounds.  Grain  subanguiar  and  fairly  uniform,  averaging  about 
0.15  mm.  Composed  almost  entirely  of  quartz.  Little  or  no  felspar  or  mica.  Cement- 
ing material  crypto-crystalline  silica  ;  it  occurs  in  somewhat  large  amount  and  often 
produces  complete  isolation  of  the  detrital  quartz-grains. 

11486.  The  'Hard  Ganister'  is  a  friable,  palest  buff,  even  textured  sandstone. 
Grain  subanguiar,  005  to  0'6  mm.,  average  about  0'2  mm.     Mostly  quartz. 
Practically  no  m"ca  or  felspathic  matter.     Cement  mainly  siUceous  with  a  little  oxide 
of  iron.     The  quartz  grains  show  signs  of  secondary  enlargement.     There  are  a  few 
grains  of  detrital  tourmaUne,  otherwise  detrital  heavy  minerals  are  not  abundant. 

11492.  The  '  Pencil-Ganistor  '  is  a  grey  moderately  fine-grained  and  somewhat 
friable  sandstona  with  carbonaceous  streaks.  Somewhat  micaceous.  Average  grain 
0*05  to  O'l  maa.  Mostly  quartz  with  a  little  muacovite.  The  interstitial  matter 
is  plentiful  and  consists  of  secondary  silica,  limonite,  and  carbonaceous  material. 

Products  and  markets :  Of  the  different  beds  of  the  Moor  Grit — 

The  '  white  flint '  (/)  is  intended  to  be  used  for  silica-brick 
mixture.  It  has  been  proved  extensively  on  the  moorland  near 
the  quarries,  where  it  seems  to  be  present  in  larger  lenticles  than 
at  LealLolm,  and  preparations  have  been  made  for  working  it. 

The  '  hard  ganister  '  (e)  is  sold  for  silica-brick  mixture ;  also 
ready  ground  at  Messrs.  Crossley's  works  for  use  as  furnace- 
bottom  sand  at  steel-works. 

The  '  soft  pure  silica-stone  '  (d)  is  sent  as  a  very  pure  silica- 
sand  to  Durham. 

'  Ordinary  silica-sand  '  (c)  is  supplied  for  repairing  steel- 
furnaces  at  Stockton. 

'  Loam  '  (a)  is  now  being  put  on  the  market  as  a  moulding- 
loam  for  iron-castings. 

The  '  pencil-ganister  '  is  being  tried  by  certain  firms  for  silica- 
brick  mixture. 

The  output  of  Commondale  stone  has  evidently  been  consider- 
able. It  could  no  doubt  be  greatly  increased  with  greater  labour 
facilities. 

Reserves  of  the  Commondale  stone  in  general,  apart  from  the 
■*  whit©  flint,'  are  evidently  veiy  large.     But  the  pencil-ganister 
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could  not  be  worked  extensively  without  mining.     It  is  believed, 
liowever,  to  be  constant  in  thickness  in  the  neighbourhood. 

Transport  is  by  tram  and  rope  to  Messrs.  Crossleys.  At  the 
A\x)rks  the  stone  is  put  on  rail  at  a  siding  connecting  with  the 
N.E.  Railway  at  Commondale  Station. 

The  working  of  refractory  materials  for  iron  and  steel  purposes 
is  a  comparatively  new  departure  on  the  part  of  Messrs.  Crossley 
and  Sons  (the  successors  of  the  Commondale  Brick  and  Pipe  Co.). 
The}'  do  not  themselves  manufacture  au}^  articles  for  these  pur- 
jjoses. 

J.  Grayson  Lowood  &  Co.,  Ltd.  (Lessees  of  Quarrying 

Rights). 
Deepoar,  near  Sheffield. 
Castleton  Quarries. 

Quarries :  The  upper  main  quarry  for  silica-rock  and  lower 
quany  for  moulding-sand  are  situated  north  of  Castleton  Station, 
North  Cleveland. 

Maps :  One-inch  New  Ser.  Ordnance  34  and  43 ;  Old  Ser. 
Geological  104  S.W.  and  93  N.E.;  six-inch  Yorkshire  30  S.W. 
Silica-rock  quarry:  Latitude  54°  28'  10".  Longitude  0°  56'  30". 
Sand  quarry  :  Latitude  54°  28'  5".     Longitude  0°  56'  40". 

Geological  age :  Inferior  Oolite  Series ;  Moor  Grit  at  base  of 
Upper  Estuarine  Series  (silica-rock) ;  Middle  Estuarine  Series 
(sand). 

The  silica-rock  with  thin  overlying  siliceous  clay  lies  practi- 
cally flat  on  the  nearly  level  top  of  the  moorland;  but  its  base 
l)ends  up  slightly  and  crops  out  at  the  north-east  end  of  the 
present  quarry.  A  lower  sandstone  (freestone)  is  quarried  (for 
moulding-mixture)  on  the  southward  slope  descending  to  the 
valley.     The  sequence  is:  — 

Ft. 
^Silica    clay. — Pale    blue,    stickj',    plastic,    clay, 
decidedly  sandy,  irregularly  overlaying  Moor  Grit 
on  top  of  moorland   ...         ...         ...         ...         ...       -4-6 

Upper  Main       '  Castletok  Canister  '   (Moor   Grit). — Hard   fine- 
Quarry.       (      grained   quartzitic   sandstone   with   carboraeeous 

matter  and  plant  remains    ...  ...         ...  about         18 

'  Yellow  loam.' — Flaggy  and  laminated  softer  .sand- 
stone with  carbonaceous   matter  (basal  beds  of 

Moor  Grit about      4-6 

Shales  or  clays  with  some  sandstone  beds  and  at  least 
one  bed  oi  limestone  (Grey  Limestone  Series  and 
(?)  part  of  ]\Iiddle  Estuariae  Series). 

(  '  Freestone.' — Fine-grained   massive   brown  sand- 
Lower  Quarrv -^      stone,    about    20    ft.    in    quarry,    but   probably 

'      altogether  about        30-40 

The  '  Castleton  Canister  ' — a  silica-rock — is  of  a  light  brownish- 
grey  colour,  drying  almost  white  ;  it  is  decidedly  hard,  but  not  so 
intensely  quartzitic  and  hard  as  the  top  bed  of  the  same  rock 
found  on  the  top  of  the  moorland  at  Lealholm  and  elsewhere. 

A  large  part  of  the  thickness  of  the  '  Castleton  Canister  '  is 
quite  uniform ;  but   some  beds  vary  from  this  type  in  showing 
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yellow  bedding  jdanes.    The  top  beds  too  are  weathered  yellowish- 
brown,  and  are  more  terruginous. 

Description  of  rocks. 

1149].  'Gaui.sttT.'  Almost  wliite,  locally  .stained  buff,  iine-graiiied  sandstone. 
The  quartz  grains  spavkJe  on  a  freshly  fractured  surface.  Sub-anguiar  grains  of  about 
0'1.5  mm.  in  a  plentiful  cement  of  micro-crystalline  silica.  This  rock  should  probably 
find  a  place  with  the  (j[uartzitea. 

11493.  'Yellow  loam.'  Pale  buff  to  yellow  fine-grained  somewhat  friable  ar.d 
micaceous  sand.stone.  Angular  quartz-grains,  005  to  O'i  mm., in  a  biliceous  and 
feriuginous  matrix.  The  interstitial  matter  is  plentiful.  ilica  and  clilorite  are  both 
represented. 

11494.  'Freestone.'  Snuff-coloured  sjieckled  moderately  fine-grained  sandstone" 
slightly  felspathic  and  micaceous.  Contains  a  considerable  quantity  of  iron  com- 
pounds, more  esi)ec)a]ly  in  the  cementing  material.  There  are  traces  oi  Bryozoa.  The 
average  size  of  grain  is  02  to  0"3  mm.  The  cementing  material  is  fairly  abundant 
and  consista  of  micro-crystalline  silica,  limonite,  and  carbonaceous  matter. 

Products  and  Markets :  The  '  Castletou  Ganister '  is  used, 
mixed  with  ganister  irom  Weardale,  mainly  for  making  best 
silica-brick;  but  it  is  also  used  as  a  furnace-bottom  sand  in  steel- 
works, and  as  mortar  for  setting  firebricks.  The  overlying  silica- 
clay  is  supjilied  to  steel-works  in  small  quantity  as  pug-ganister, 
and  is  used  for  "  hotting  "  furnaces,  etc.  The  basal  '  yeliow 
loam  '  of  the  Moor  Grit,  and  the  sandstone — freestone — of  the 
lower  quarry  are  mixed  together  in  various  proportions  and 
ground  as  fine  as  possible  for  foundry  loam.  The  '  Castletou 
Ganister  '  is  roughly  hand-picked  at  the  quarry,  the  worst  dis- 
coloured pieces  from  the  top  beds  being  set  aside  to  make  sand  of 
inferior  quality.  The  stone  is  sent  to  Middlesbrough  as  lump 
ganister  for  brick-making. 

Reserves  of  '  Castletou  Ganister  '  are  practically  unlimited. 
The  Company  liaA^e  rights  over  a  large  extent  of  moorland,  which, 
however,  is  not  everywhere  capped  by  the  Moor  Grit.  The  over- 
lying silica-clay  is  found  as  a  thin,  irregular  covering  of  the 
Castletou  stone. 

The  basal  flaggy  sandstone  can  be  worked  anywhere  in  the  floor 
of  the  large  quarries ;  but  the  lower  sandstone — freestone — can  be 
worked  only  at  its  scarp-edge,  for  it  presumably  would  not  be 
worth  mining. 

The  intensely  quartzitized  form  of  the  top  bed  of  the  Moor 
Grit  has  not  been  found  at  Castleton,  but  is  got  from  Lealholm. 

Transport:  By  tram  and  ro])e  to  Castleton  Station,  where  the 
material  is  put  on  rail  on  the  North-Eastcrn  Eailway. 

J.  Gr.vyson  Lowood  &  Co.,  Ltd.  (Lessees  of  UtAURYiNG 

Rights). 

Deepcar,  near  Sheffield. 

*  White  Flint  '   Quarry,  Lealholm  Moor. 

Quarry:  One-mile  N.N.E.  of  Lealholm  Station,  close  to  the 
Parish  quarries  for  road-metal. 

Maps :  One-inch  New  Ser.  Ordnance  34 ;  Old  Ser.  Geoloffical 
104  S.W. ;  six-inch  Yorkshire  31  S.W. 

Latitude  54°  28'  14".     Longitude  0°  48'  37'. 
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Geological  age :  Inferior  Oolite  Series  :  Top  bed  of  Moor  Grit^ 
at  base  of  Upper  Estuarine  Series.  (The  Moor  Grit  extends  at 
the  surface  somewliat  farther  southward  than  is  shown  on  Geo- 
logical Survey  map.) 

It  appears  that  the  intensely  quartzitized  form  (known  as^ 
'white  flint ')  of  the  top  bed  of  the  Moor  Grit  is  found  in  lenti- 
cular patches,  generally  varying  from  about  50  yards  to  70  yards 
in  diameter,  with  a  thickness  seldom  as  much  as  6  ft.  Many  such 
patches  have  been  worked  for  road-metal. 

The  beds  lie  practically  flat  on  the  surface  of  the  moorland. 
The  stone  is  a  very  hard  and  compact  intensely  quartzitized  form 
of  the  Moor  Grit,  itself  in  its  ordinary  state  a  hard  fine-grained 
quartzose  and  more  or  less  quartzitic  sandstone.  In  the  small 
quarry  now  being  worked  for  Messrs.  J.  Grayson  Lowood  and  Co., 
Ltd.,  a  maximum  thickness  of  6  ft.  of  the  hard  quartzite  overlies 
much  softer  sandstone,  partly  iron-stained  and  yellow.  There  is 
4-6  ft.  of  j3ale  siliceous  clay  (as  at  the  Castleton  quarries)  and 
moorland  peat  overlying  the  quartzite. 

Description  of  rock. — 11489.  'White  Flint.'  Grey-mottled,  buff,  fine-grained  iron 
stained  sandstone.  Composed  entirely  of  sub-angular  to  angular  quartz-grains.  The 
largest  grains  are  about  0*1  mm.,  but  the  majority  are  much  smaller  (0"025  mjn.). 
The  cementing  material  is  silica,  but  as  the  grains  are  closely  packed  there  is  no  great 
amount  of  secondary  material.  Detrital  minerals  are  relatively  abimdant,  more 
especially  rutile  and  zircon. 

Products :  The  Lealholm  '  white  flint '  is  used  in  small  quantity 
for  silica-brick  mixture  at  Middlesbrough.  The  output  is  evidently 
small. 

Reserves :  Extent  of  reserves  uncertain.  As  many  such 
lenticular  patches  of  '  white  flint '  have  been  worked  out  in  the 
immediate  neighbourhood,  it  is  probable  that  more  will  be  found, 
especially  since  this  intensely  quartzitic  form  of  the  top  bed 
occurs  sporadically  over  a  wide  area. 

Transyort :  By  cart  to  Lealholm  Station  and  thence  by  rail  oil 
the  North-Eastern  Railway. 

The  Meltham  Silica  Fireclay  Co.,  Ltd. 

Meltham,  Huddersfield. 

Sawfieldhead  Quarry. 

Quarry :  Site  1  mile  north  of  Glaisdale  Station. 

Maps:  One-inch  New  Ser.  Ordnance  and  Geological  43;  Old 
Ser.  Geological  96  N.E.;  six-inch  Yorks  31  S.W. 

Latitude  54°  27'  7".     Longitude  0°  47'  3". 

Geological  age :  Inferior  Oolite  Series.  Top  beds  of  Moor  Grit, 
at  base  of  Upper  Estuarine  Series. 

The  beds  lie  nearly  flat  and  the  Moor  Grit  caps  a  ridge  between 
two  valleys.  It  is  probably  an  outlier,  not  represented  on  the 
Geological  Map. 

The  rock  is  a  very  hard  and  compact  intensely  quartzitized 
very  fine-grained  sandstone  ('  white  flint '),  becoming  less  hard 
and  quartzitic  lower.    A  thickness  of  6  ft.  to  8  ft.  is  worked,  under 
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a  cover  varying  up  to  5  ft.  or  6  ft.  of  sandy  boulder-clay,  con- 
taining one  or  more  transported  patches  of  the  pale  siliceous  clay 
that  overlies  the  Moor  Grit  at  Castleton. 

The  stone  is  rather  variable ;  one  block  may  show  both  extreme 
and  less  intense  stages  of  quartzitization  :  also  there  are  compara- 
tively soft  patches,  rotten  and  weathered  yellow,  probably  along 
joints  ;  but  there  is  not  much  of  this  weathered  stone.  All  grades 
of  the  material  are  sent  off  from  the  quarry  together. 

JDescription  of  rock. 

11504.  'White  flint.'  Moderately  fine-grained  quartzitic  sandstone.  Pale  buff  in 
colour  due  to  iron-staining,  and  more  deeply  stained  with  Umonito  on  cracks  and 
joints.  Average  grain  0"  15  ram.,  angular.  Mostly  quartz,  no  mica  or  felspar.  Inter- 
stitial matter  siliceous,  ironstained,  and  considerable  in  quantity. 

11495.  Another  sample.  Palest  grey,  mottled  and  streaked  with  buff,  fine-grained 
sandstone  or  quartzite.  Composed  of  angular  quartz  grains,  mostly  about  0"05  mjn. 
but  some  measure  O'l  to  0"  15  mm.  Grains  of  chert  of  similar  size  are  not  uncommon 
and  secondary  silica  is  the  cementing  material.  The  grains  interlock  closely,  thus  the 
amount  of  interstitial  matter  is  not  large.  The  matrix  contains  a  little  ferruginous 
matter. 

Products  and  Markets :  The  stone  is  said  to  be  used  for  silica- 
brick  mixture,  and  to  be  sent  to  Huddersfield,  The  output  is 
evidently  not  large. 

Transjwrt :  The  stone  is  carted  to  Glaisdale  Station  on  the 
North-Eastern  Railway. 

COUNTY  DURHAM. 

W.  H.  Girling  &  Co.,  Ltd. 

Crook,  Co.  Durham. 

Stuartfield  Lodge  Plantation  Quarry. 
Quarry:  Situated  1  mile  N.E.  of  Burn  Hill  Station. 
Maps :  One-inch  New  Ser.  Ordnance  26 ;  Old  Ser.    Geological 
103  N.W.;  six-inch  Durham  18  S.W. 
Latitude  54°  48'  5".     Longitude  1°  52'  30". 
Geological  age:  Lower  Coal  Measures. 
The  section  in  the  quarry  at  the  east  end  is :  — 

Ft.  in. 
Sandstone  rubbk',  with  vcrv  larelv  a  lump  of  ganister      ...         5    0 

Shale       ■    ...     ■ 6    0 

Canister  1     9 

(  Coal  forming  floor         ...         ...  about        0     2 

Not  exposed      ... -^^  '  Seggar,' a  hard  white  clav     ...         •••     a  few  inches. 
(Clay  '      — 

There  is  a  slight  dip  towards  the  north. 

At  the  west  end  of  the  quarry  the  ganister  is  followed  under- 
ground in  levels.     The  section  here  is:  — 

Sandstone  rubble 

Sandstone,  thickening,  as  it  is  followed  into  the  levels 

Shale       about 

Ganister,  from  1  ft.  9  ins.  to  3  ft average 

Not      i  Coal  

exposed  -j  '  Seggar,'  white  claj'   said  to   be  replaced   by 

'      pcncil-panister    ...         ...  ...  average         1     6 

Above  the  ganister  there  is  sometimes  about  a  foot  of  pencil- 

ganister,  but  only  about  two  truck-loads  per  annum  are  said  to  be 

found. 

D2 


R. 

in. 

5 

0 

5 

0 

5 

0 

2 

6 

U 

2 
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The  top  6  in.  of  ganister  is  broken  oft  with  difficulty.  It 
contains  roots  and  is  just  as  good  as  the  stone  below,  but  it  is 
separated  for  convenience.  The  lowest  part  of  the  ganister  con- 
tains mica.    The  stone  breaks  up  vertically  as  a  rule. 

The  dip  is  about  9  in.  in  25  yards  northwards.  The  ganistor 
is  said  to  be  thinning  as  it  is  followed  into  the  mine.  Water 
is  only  troublesome  in  winter.  Owing  to  the  situation  the  place 
sometimes  becomes  unworkable  in  wintry  weather.  Worked  as 
an  open  quarry  uiitil_tJiB-i-beai  ing  '  becomes  too  great  (as  at  the 
west  end  -trf-i;}ie' quarry,  where  it  is  about  15  ft.),  when  the 
ganister  is  mined  by  pillar-and-stall. 

Description  of  rocks. 

11553.  'Ganister,'  top  portion.  Fire-grained  grey  carbonaceous  quartzose  sand- 
stone. Grain  sub-angular,  average  about  O'l  mm.,  some  few  grains  larger.  Mainly 
quartz.  Cement  dirty,  but  smaU  in  amount  and  siliceous.  Heavy  detrital  minerals 
moderately  abundant. 

1 1552.  '  Ganister,'  middle  portion.  Fine-grained  grey  speckled  sandstone.  Compact 
and  breaking  with  an  even  fracture.  Grain  sub-angular  and  uneven.  Average  about 
O'l 5  mm.  Mostly  quartz.  Interstitial  material  of  small  amount,  and  mostly  siliceous 
with  some  ferruginous  and  carbonaceous  matter. 

11551.  '  Ganister  '  bottom  portion.  Fine-grained  dark  grey,  faintly  laminated  and 
micaceous,  carbonaceous  sandstone.  Locally  iron  stained.  Extremely  angular  in 
grain,  0'05  mm.,  mainly  quartz,  but  with  a  fairly  large  amount  of  muddy  interstitial 
matter.  Mica  is  moderately  abundant,  as  are  minute  grains  of  the  heavier  detrital 
minerals. 

The  ganister  is  sent  to  the  firm's  works  to  be  made  into  bricks. 

Reserves :  Large. 

Transport:  A  tramline  to  Burn  Hill  Station  on  the  ■l^orth 
Eastern  Railway. 

Mr.  H.  D.  Ward. 

Knitsley  Fell,  Wolsingham. 

'  Ganister  Quarry. 

Quarry:  On  Knitsley  Fell,  N.  of  road  and  300  yards  X.  of 
Love's  Quarry. 

Maps:  One-inch  New  Ser.  Ordnance  26;  Old  Ser.  Geological 
103  N.W.;  six-inch  Durham  33  N.W. 

Latitude  54°  42'  40".     Longitude  1°  51'  5". 

Geological  age :  Lower  Coal  Measures,  some  little  distance 
above  base;  on  the  same  horizon  as  Todd's  and  Stuartfield  Lodge 
Quarries. 

The  rock  is  worked  close  to  the  surface  of  the  moorland,  with- 
out blasting,  eastward  and  northward,  down  the  dip  and  slope, 
along  a  50-yard  face.  The  beds  are  nearly  flat  with  a  slight  dip 
N.  of  E. 

A  very  fine-grained  sandstone — a  '  silica-rock,'  not  a  true 
ganister,  fairly  hard  and  uniform;  thickness  about  9  ft.,  all 
worked  together,  except  that  two  6  in.  partings  of  soft  clayey 
sandstone,  in  upper  and  middle  parts,  are  picked  out. 

Description  of  roch<. 

11516.  Upper  half  of  '  gamster  '  bed.  Palest  grey,  very  fine-grained  micaceous 
sandstone.  Locally  iron-stained.  Most  of  the  grains  are  about  0"05  mm.,  but  a 
small  number  reach  0*15  mm. 
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ll;3Uti.  '  Ganisler.'  Extremely  fiiie-graintd  white  arc!  slightly  micaceous  sand- 
st(jne.  Grain  angular  and  closciy  packed.  Average  size  0.07.5  mm.  Slight  iron- 
.staiuing  on  joints.  Dttrital  minerals,  e.g.,  zircon  and  rutile  relatively  abundant. 
Very  little  felspathic  matter,  and  cement  siliceous. 

Reserves :  A  large  supply  could  doubtle.ss  l>e  worked  at  or  close 
to  the  surface,  eastward  and  northward.  On  the  west  the  rock 
is  likely  to  be  thrown  out  immediately  by  a  fault  occupied  by  a 
barytes  vein.  The  cover  in  the  quarry  is  only  about  2  ft.  of  soil 
and  clay. 

Products  and  Markets:  The  niateiial  is  used  foi-  "  Ijest  silica- 
brick,'  and  combined  witli  fireclay  for  '  ganister-brick  ' ;  for  both 
it  is  mixed  witjj  other  rocks.  It  is  sold  to  silica-brick  makers  in 
the  district  and  in  Scotland. 

Transport :  By  cart  to  Wolsingham  Station  on  the  North- 
Eastern  Eailway. 

Mr.  a,  Todd. 

Knitsley  Pell,  Wolsingham. 

*  Ganistcr  '   Quarry. 

Quarry :  On  Knitsley  Fell,  S.  of  Wolsingham,  close  to  east  end 
of  the  plantation  called  Blackett's  Allotments;  about  200  yards 
S.  of  road,  and  about  400  yards  S.  of  Love's  Quarry. 

Maps:  One-inch  New  Ser.  Ordnance  26;  Old  Ser.  Geological 
lOo  y.W.',  six-inch  Durham  33  N.W. 

Latitude  54°  42  12'.     Longitude  1°  51'  10  . 

Geological  age :  Lower  Coal  Measures,  some  little  distance 
above  base ;  the  same  horizoji  as  Ward's  and  Stuartfield  Lodge 
quarries. 

^\'orked  at  or  close  to  surface  of  moorland;  beds  lying  nearly 
fiat  with  slight  dip  apparently  a  little  N.  of  E. 

A  very  fine-grained  compact,  slightly  granular  sandstone,  not 
very  hard — a  '  silica  rock,  not  a  ganister.  The  upper  half  is 
distinctly  lighter-coloured  and  ai)i)arently  stronger  than  the 
lower  halt,  which  is  of  quite  a  deep  blue  colour,  darker  than  any 
part  of  Ward's  g.iuister  (see  p.  46).  In  other  respects  the  rock 
is  uniform  in  character.  Thickness  alx)ut  7  ft.  :  the  whole  thick- 
ness of  rock  is  worked;  blasting  is  not  necessary.  About  4  ft.  of 
cover,  consi^•ting  of  broken  sandstone  and  clavj^  is  removed. 

hcacriplion  f^l  rock. — ll.">i7.  I'clest-grty  to  Luii  tire-grained  sandstone,  locally 
iro.i-gtained  also  on  joints  and  cracks.  Slightly  micaceous.  Grain  angular  and  somc- 
wiiat  uneven,  avciage  about  0.1  mm.  Cement  mainly  siliceous.  Titanium  present 
a.-  rutile  and  br  okite  in  .secondary  crystals. 

Products  and  Markets :  The  rock  is  sold  locally  for  making 
second-grade  silica-brick,  and  for  tliis  purpo.se  is  mixed  witK 
other  rocks. 

Reserves:  Apparently  considerable.  The  rock  probably  passes 
under  .somewhat  thicker  cover  nortliward  and  eastward,  possibly 
with  .some  small  faulting.  Southward  there  .should  be  a  con- 
sideralde  area  at  or  clos-:?  to  the  surface.  In  the  immediate  neigh- 
bourhood it  has  not  been  located  outside  the  quarry,  exce])t  at  a 
point  a  short  distance  to  the  south-west,  up  the  8lo2)e. 

Transport:  By  aerial  rope-way  to  Harperlcy  sidings  on  the 
Xorth-Eastern  Railway. 
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W.  H.  Girling  &  Co.,  Ltd. 

Crook,  Co.  Durham. 
Byerley  House  Quarry. 
Quarry:  Situated  3  miles  S.E.  of  Rowley  Station. 

Maps :  One-inch  New  Ser.  Ordnance  26 ;  Old  Ser.  Geological 
103  N.W.;  six-incli  Durham  18  S.W. 

Latitude  54°  47'  30".     Longitude  1°  49'  55". 
Geological  age :  Lower  Coal  Measures. 
Section  at  quarry  : — 

Soil  and  sub-soil 

Shale       

(  Blue,  soft  and  rejected 
Ganister   -  Good  pencil-ganister     ... 

(  Ganister,  poor,  rejected 

Coal        

Ganister,  best  pencil 

The  strata  are  approximately  level,  the  section  being  along  the 
strike.  About  15  ft.  below  the  lower  ganister  a  trial-pit  shows 
a  micaceous  sandstone  which  is  probably  the  top  of  the  Millstone 
Grit. 

Description  of  rocks. 

11641.  Ganister  above  the  2-inch  Coal.  Grey,  laminated,  fine-grained,  slightly 
micaceous  carbonaceous  sandstone.  Grain  angular,  0"1  to  0'15  mm.,  closely  packed. 
Impurities  other  than  carbonaceous  matter  of  small  amount.    Cement  mainly  siliceous. 

11595.  Ganister  below  the  coal,  the  main  post.  Grey,  fine-grained,  well  sihcified 
quartzite  with  infrequent  impressions  of  rootlets.  The  quartzite  passes  laterally 
into  a  friable  sandy  and  iron-stained  mass  which  appears  to  be  the  result  of  desiUcifi- 
cation.  The  quartzite  is  composed  of  moderately  open-spaced,  sub-angular  quartz- 
grains  (average  a  Httle  under  0"  1  mm. )  in  a  matrix  of  secondary  silica.  The  secondary 
eiUcification  is  very  well  inelicated. 

11580.  Main  ganister,  another  sample.  Fine-grained  pale  grey  quartzite  with 
carbonaceous  ttreaks  and  impressions  of  rootlets.  Iron-stained  on  joints.  Grain, 
angular  and  open.  Average  size  about  O'l  mm.  The  grains  are  almost  entirely  of 
quartz.  The  cement  is  sihceous  and  remarkably  free  froja  interstitial  impurity.  The 
rock  furnishes  an  excellent  example  of  siliceous  infilling  and  cementation. 

Reserves :  Large.  The  ganister  may  extend  along  the  strike 
for  at  least  8  miles. 

Products  and  inarhet :  Ganister.  The  whole  output  is  sent  to 
the  firm's  works  at  Crook,  where  it  is  used  in  mixture  for  '  best 
silica-brick.' 

Transport :  The  ganister  is  carted  4  miles  to  Rowley  Station 
on  the  North-Eastern  Railway. 

PiCKFORD,  Holland  &  Co.,  Ltd. 
Crook,  Co.  Durham. 

Bounder  House  Quarry  and  two  others,  near  Tow  Laic. 

Wor'ks :  Crook,  Co.  Durham. 

Quarry :  Bounder  House  Quarry  and  two  others  at  short  inter- 
vals farther  north.  On  the  north  side  of  road,  a  little  more 
than  1  mile  W.N.W.  of  Tow  Law. 

Majjs :  One-inch  New  Ser.  Ordnance  26 ;  Old  Ser.  Geological 
103  N.W.;  six-inch  Durham  25  S.W. 
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Bounder  House  Quarry :  Latitude  54°  45'  7".  Longitude 
1°  50'  20". 

Geological  age:  Lower  Coal  Measures,  close  to  base. 

The  outcrop  of  ganister  forms  a  scarp  rising  gently  X.E.,  on 
a  N.W.  strike.  The  rock  is  quarried  along  this  outcrop.  As 
the  ground  rises  N.E.,  the  amount  of  cover  may  be  expected  to 
increase  in  that  direction.  The  stone  is  a  true  ganister  ('  pencil- 
ganister  ').  The  section  in  the  west  part  of  Bounder  House  Quarry 
is  as  follows :  — 


(  Hay 


Ft.   in. 


Cover      ...\  Thin  flaggy  sandst one  ...         ...         ...         ...       25-26    0 

f  Platy  shale  (' plate ')    ... 

Penctl-oanister,  hard  very  fine-grained  whitish,  silty, 
quartzitic  sandstone,  with  numerous  rootlets  and 
abundant  large  horizontal  Sligmaria  in  the  uppfrmost 
8  or  9  ins.  ;  in  the  rest  of  the  bed  no  Stigmaria  and  fewer 
rootleta  :  the  ganister  bed  varies  in  a  short  distance  from 
2  ft.  to  exceptionally  6  ft.,  average  3  ft. 

f  Grey  shal J' fireclay  (inferior) — '.seggar'        ...  10 

Black  platy  shale — ('  plate  ') — said  to  be      ...  5-6     0 

B^d  uf  liard  'ironstone  ' 
Streaks  of  Coal  ... 
Not  seen     -j  (Gap  of  not  many  feet) 

Massive  rather  micaceous  sandstone — •('  scour- 
stone  ') — worked  in  an  adjacent  quarry  ... 
[The  '  Scourstone  '  seems  to  be  the  top  bed  of 
t     the  ACUstone  Grit  Series]     

It  is  said  that  in  other  parts  of  the  Bounder  House  Quarry,  or 
in  the  two  adjacent  quarries,  a  thin  bed  of  blue  silica-rock  (like 
that  overlying  the  same  ganister  at  the  Byerley  House  and  Love's 
Knitsley  Fell  Quarries)  comes  in  locally  between  the  true  ganister 
and  the  overlying  shale. 

The  ganister  of  the  Bounder  House  Quarry  is  remarkably  wide- 
jointed,  like  a  freestone,  and  has  to  be  blasted. 

That  of  the  two  neighbouring  quarries  is  said  to  be  of  precisely 
the  same  character  and  quality ;  but  the  cover  in  those  quarries 
varies  from  25  ft.  down  to  4  ft. 

Messrs.  Pickford,  Holland  and  Co.  propose  in  future  to  mine 
this  ganister  and  are  now  sinking  a  shaft  in  the  neighbourhood 
of  the  quarries.  They  expect  to  reach  the  ganister  at  about 
20  fathoms. 

Description  of  rock. — 11.591.  '  Pcncil-ganistcr  '  with  few  rootlets.  Palest  prey 
finely  saccharoidal  slightly  micaceous  quartzite.  Grains  quartz,  closely  packed, 
angidar  and  about  0*1  ram.  Cement  siliceous,  impurities  of  small  amount  mninly 
carbon,  and  iron  and  titanium  oxidc'^ 

Reserves :  Presumably  ver}-  large,  for  the  length  of  outcrop 
between  the  three  quarries  is  considerable,  and  the  prospect  of 
mining  the  ganister  greatly  increases  the  probable  supply. 

Products :  The  ganister  of  these  three  quarries  is  used  by 
Messrs.  Pickford,  Holland  and  Co.  for  making  '  best  silica-brick  ' 
at  the  Crook  brickworks,  and  is  apparently  the  most  important 
rock  used  by  them.  It  contains  more  than  98  per  cent,  of  silica 
in  picked  samples,  and  is  said  to  average  975  to  98  per  cent. 

^  Or  hearthstone,  for  rubbing  hearths  and  sills. 
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The  tJiiii  bed  of  blue  silica-rock  at  tlie  top  of  the  Tow  Law 
Ganister  is  stated  to  be  inferior  in  quality  owing  to  the  presence 
of  iron,  and  is  not  used  for  silica-brick  mixture,  but  is  used  for 
mixing  to  make  '  pug-ganister,'  as  is  the  fireclay  underlying  the 
Tow  Law  ganister. 

Transport :  From  the  quarries  by  cart  to  Tow  Law  Station  and 
thence  by  rail  to  Crook. 

William  Love  &  Co.,  Ltd. 
133,  High  Street,  Stockton-on-Tees. 

Knitsley  Fell  Quarry. 
Quarry :  On  Knitsley  Fell,  south  of  Wolsingham;  on  the  N.E. 
side  of  the  road,  by  the  east  end  of  the  plantation  called  on  the 
map  Blackett's  Allotments. 

Maps :  One-inch  New  Ser.  Ordnance  26 ;  Old  Ser.  Geological 
103  N.W. ;  six-inch  Durham  33  N.W. 

Latitude  54°  42'  30".     LongifTide  1°  51'  b" . 

Geological  age :  Lower  Coal  Measures,  close  to  base. 

The  stone  is  worked  at  and  near  the  surface  of  the  moorland. 
The  beds  have  a  slight  dip  north  of  east.  The  quarry  is  a  large 
one,  but  comparatively  shallow,  -with  a  face  extending  E.S.E. 
obliquely  down  the  dip  for  a  quarter  of  a  mile  or  more.  Along 
this  face  all  the  ganister  at  the  original  outcrop  has  becL  worked 
out,  and  the  back  part  of  the  working  has  been  filled  in  with 
debris  of  the  cover,  the  present  amount  of  which  is  14  to  17  ft., 
increasing  somewhat  eastward. 

The  stone  is  a  hard  fine-grained  and  quartzitic  ganister  with 
rather  numerous  rootlets  and  Stigmaria ;  a  thin  bed  of  blue  silica- 
rock — not  a  ganister — occurs  intermittentlv  above  the  main 
ganister,  and  is  worked  together  with  it  (see,  however,  account 
of  Bounder  House  Quarry,  p.  48). 

Section  in  the  quarry  : —  Ft.  in, 

, ._,      •      )    (Broken  flaggy  sandstone      ...         ...         ...  about  8    0 

J3earmg      ,  Dark  Hue,  platy  .shale          about  7     0 

Silica-rock.     Hard  blue  fine-grained  sandstone,  locally  vary- 
ing from  nil  to  ...             ...         ...         ...         ...         ...         ...  13 

Coal  streak 0     (U 

*  Pbncil-ganisteb.'     Light  coloured,  very  fine-grained,  silty 
quartzitic  sandstone  vnth.  Stigmaria  and  abundant  rootlets  ; 
pale  bluish  at  the  top,  but  generally  whitish — a  true  ganister  : 

thickness  variable,  from  3  ft.  to  5  ft.  average              ...         ...  4     6 

Band  of  rotten  coal  or  black  carbonaceous  smut  (local)  up  to...  0     2 

Light  blue  sandy  fireclay    ...         ...         ...         ...         ...  about  1     0 

Dark  platy  shale  (?)             — 

The  fireclay  underlying  the  ganister  is  not  used.  A  very  large 
amount  of  gani.ster  seems  to  have  been  worked  out  in  former 
years.  But  only  one  small  part  of  the  quarry-face  is  being 
worked  at  present  (1916),  because  of  shortage  of  labour. 

Description  of  rocks. 

11531.  *  Pencil-ganister.'  Fine-grained  white  quartzite  deeply  stained  with  iron 
on  all  cracks  and  joints.  Splintcrj'  fracture.  Grain  angular,  slightly  under  O'l  mm. 
Cement  siliceous.     Amount  of  interstitial  matter  small. 
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11528.  'Silica-rock.'  Somewhat  dark  grey,  buff  streaked  fine-grained  micaceous 
ftandslone.  Grain  extrimely  angular,  and  very  variable.  Mainly  smaller  than  01 
mm.  White  mica  prevalent.  Iron  compounds  outline  the  grains.  Amoxmt  of 
interstitial  matter  moderately  large  and  composed  of  silica,  finely  divided  iron-ore, 
and  secondary  micaceou.s  products.     The  rock  is  not  at  p11  pure. 

Products  and  market :  The  ganister  is  used,  mixed  with  other 
ganister-  and  silica-rocks,  for  making  '  best  silica-brick,'  for 
which  purpose  it  is  sent  to  Crook. 

Reserves:  Evidently  large  but  not  unlimited.  On  the  west 
the  ganister  is  said  to  be  cut  oft  by  a  barytes  vein  (and  fault?). 
It  can  only  be  worked  eastward  and  southward,  and  in  the  latter 
direction  the  working  has  reached  a  distance  varying  between 
45  yards  and  200  yards  from  the  road. 

Transport :  By  aerial  ropeway  to  Harperley  sidings,  North- 
Easlern  Eailway  (about  4  miles)  (see  p.  47). 

Knitsley  Fell  Gaxister  Co.,  Ltd, 

4,  London  Wall  Buildings,  E.G. 

This  coir;pauy  i-  opera iing  a  tjuarry  iiiiiiiediateiy  east  of  Love  s 
quarry.  The  conditions  are  similar  and  the  stone  is  of  the 
excellent   Knit.'sley  Fell  type. 

The  Hamsterley  Ganister  Co.,  Ltd. 

(Messrs.  Finlay  &  Co.) 

Doctor' s   Gate  Quarries  i^known  as  i*  iii lay's). 

Quarries:  About  3  niih  s  south  of  Wolsiugham;  main  quarry 
about  900  yards  south  of  Doctor's  Gate;  smaller  quarry  about 
200  yards  farther  N.E. ;  both  north  of  Ayhope  Beck.  (N.B.— The 
quarries  are  described  as  on  "  Hamsterley  Common,"  which, 
however,  is  shown  south  of  Ayhope  Beck  on  the  Ordnance  Map). 

Maps:  One-inch  New  Sor.  Ordnance  20;  Old  Ser.  Geological 
103  N.W.;  six-inch  Durham  33  S.W. 

South  quarry.     Latitude  54°  41'  5".     Longitude  1°  53'  15". 
North  quarry.     Latitude  54°  41'  10".     Longitude  1°  53'  12". 

Geological  age :  Lower  Coal  Measures,  close  to  base. 
The  beds  lie  nearly  flat  in  the  southern  and  larger  quarrv,  with 
a  slight  but  distinct  norih-easterlv  di]),  th?  ganister  cropping  out 
on  the  brow  of  a  gentle  slope  (along  which  it  is  quarried)  down 
to   the   valley   of   Ayhoiie    Beck.      The    ganister    is   worked    here 
almost  l)are  of  cover  under  a  thickness  of  onlv  2-5  ft.  of  tough 
boulder-clay,  which,  where  thickest,  has  to  be  blasted.     But  this 
cover  may  be  expected  to  increase   N.E.  with  the   dip  and  the 
slight  rise  of  the  surface. 

Ft.  in. 
Section  in  Southtm  quarry  : — 

Tougli  Htony  bculdir-clay  incrca.'sing  ]S'.E.  f n  ni  2  ft.  to  G  ft.. 

a  virago       ...  ...  ...  ...  ...  ...  ...  ...  5     0 

PKNcrL-oANISTER.  Hiud  wliitc  verv  fino-praincd  .MiUy  quartzitic 
sandstoiu'  with  roollel.';,  mori-  .'lurfliiit  ii:  upper  pi'vt,  dots 
not  vaiv  much  in  thickness,  about        ...  ...         ...  ...         4     G 

Coal,  soft"      0     4-5 

Rathrr  tough  buff  Ic  amy  .sandstone  witli  rootlets  ('f)encilled 

iiristone ')  not  u;  eil  ...  ...  ...  ...  ...  ...  I      G 
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A  smaller  openiDg  is  also  being  worked  on  the  flattish  moor- 
land about  200  yards  farther  N.E.,  where  the  surface  is  slightly 
higher. 

Section  in  northern  quarry  : —  Ft.  in. 

Rubbly  clay,  about  ...         ...         ...         ...         ...         ...         ...  3     0 

'  PENciL-GANrsTEB.'     Hard  white  very  fine-grained  silty  quart- 

zitic  sandstone  with  rootlets,  more  abundant  in  upper  part...  4     6 

Snaall  Coal  ...         ...         ...         ...         ...         ...         ...         ...  — 

The  ganister  of  the  two  quarries  is  almost  certainly  the  same 
bed,  with  a  fault,  throwing  up  north,  between  the  two  quarries 
(the  stone  in  the  western  irdvi  of  the  northern  quarry  is  a  good 
deal  sheared,  but  not  necessarily  by  the  same  fault). 

The  ganister  of  the  two  quarries  is  regarded  as  of  precisely 
the  same  quality  and  character,  and  is  mixed  together  in  the 
trucks. 

The  Doctor's  Gate  ganister  is  with  little  doubt  the  same  bed 
as  that  of  Love's  Knitsley  Fell,  Pickford,  Holland  and  Co.'s  Tow 
Law,  and  Girling  and  Co.'s  Byerley  House  ganisters — i.e.,  it  is 
in  and  close  to  the  base  of  the  Lower  Coal  Measures,  though  no 
area  of  Lower  Coal  Measures  is  shown  on  the  one-inch  map  where 
the  ganister  crops  out  south  of  Doctor's  Gate.  An  outlying  patch 
of  Lower  Coal  Measures  or  Millstone  Grit  is,  however,  mapped 
not  far  away  to  the  north-west  and  in  a  probable  extension  of  this 
eastward,  the  same  ganister,  of  similar  quality,  has  been  proved 
by  Mr.  E.  G.  Edgar,  half  a  mile  west  of  Doctor's  Gate.  He  has 
recognised  this  bed  again  in  the  outlier  of  Black  Hill  two  miles 
to  the  south-west. 

Description  of  rocks  from  the  Uamsterley  CoJ's  quarries. 

11541.  From  northern  quarry.  Fine-grained  white,  locally  stained  yellow  and 
brown,  quartzite  or  ganister.  Grain  subangular  about  0"1  mm.  and  less.  Cement 
partly  aihceous  and  locally  almost  entirely  ferraginous. 

11547.  From  southern  quarry.  White,  locally  buff-stained,  fine-grained  quartzite 
or  ganister.  Grain  angular  and  almost  entirely  of  quartz.  Average  size  small,  being 
only  0"05  to  0'075  mm.  Cement  mainly  siliceous  but  partly  ferruginous.  Detrital 
heavy  minerals  moderately  abundant.  Titaniferous  minerals,  including  secondary 
brookite,  well  represented  in  the  interstitial  matter. 

Reserves  are  evidently  large.  Though  the  outcrop  at  the 
southern  quarry  may  soon  pass  under  much  thicker  cover  when 
followed  north-eastward,  the  ganister  in  the  neighbourhood  of 
the  northern  working  has  been  proved  for  some  distance;  and 
surface  indications  suggest  that  it  may  be  at  or  close  to  the 
surface  over  a  considerable  area. 

Products :  Ganister  used  for  making  '  best  silica-brick  ' ;  the 
output  goes  to  a  firm  in  the  district. 

Transport :  By  aerial  ropeway  to  Harperley  sidings,  on  the 
North-Eastern  Railway. 

Castle-hill  Ganister  Co. 

The  Lilacs,  Castleside,  Consett,  Durham. 
Castle  Hill  Quarry. 

Quarry:  Situated  1^  miles  W.S.W.  of  Consett  Station,  in  a 
field  on  north  side  of  main  road. 
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Maps :  One-inch  New  Ser.  Ordnance  20 ;  Old  Ser.  Geoloj^ncal 
105  S.W.;  six-inch  Durham  18  N.W. 

Latitude  54°  50'  10".     Longitude  1°  52'  30". 

Geological  age :  Millstone  Grit  Series,  highest  beds. 

It  is  worked  by  shallow  open-cast  on  flat  ground.  The  bed 
lies  practically  flat,  close  to  the  surface,  under  a  cover  of  broken 
sandstone  and  shale,  increasing  northwards,  from  4  ft.  to  12  or 
13  ft. 

The  following  section  of  the  working  gives  the  character  and 
thickness :  — 

Ft.  in. 
Cliicfiy  sandstone,  broken  towards  the  toj) ;  but  at  the  north  end, 
where  the  bearing  is  thickest  a  mass  of  much  crumpled  car- 
bonaceous shale  has  been  puslied  in  ;    thickness  increasing 

northward  from  4  ft.  to 13     0 

Stiff  black  (' blue ')  carbonaceous  clay     ...         ...         ...         ...         0     3 

Pale  grey  compact  close  and  fuie-gra.ined  quartzose  sandstone 
with  a  few  rootlets  in  some  parts — a  '  silica-rock  '  rather  than 
a  '  bastard  ganister  '        4     6 

Description  of  rock. 

11 520.  Somewhat  friable  i'o;istaincd  fine-grained  speckled  quartzose  sandstone. 
Oram  angular,  mostly  quartz,  and  mainly  O'l  mm.  and  smaller.  Cement  partly 
siliceoud  but  chiefly  ferruginous  in  the  form  of  red  oxide. 

11540.  Another  sample.  Fine  grained  white,  locally  buff  stained,  quartzose  sand- 
stone. Micaceous.  Grain  angular  about  O'l  to  0'15  mm.  Interstitial  matter  of 
email  amount  and  mainlj^  secondary  silica. 

Reserves:  Probably  considerable;  no  great  quantity  has  as  yet 
been  worked. 

Products  and  markets :  The  Castle  Hill  silica-rock  is  used  for 
making  '  best  silica-brick,'  but  is  mixed  for  that  purpose  with 
ganister  and  other  silica-rocks.  Output,  about  45  ton.i  a  week; 
most  of  it  goes  to  Crook. 

Transport :  By  cart  to  Rowley  Station,  ou  the  North-Eastern 
Kailway. 

Cross  Ganister  Co. 

Crawleyside,  Stanhope. 

Cross  Quarry. 

Quarry :  Situated  on  Muggleswick  Common,  south  of  Edmond- 
byers  and  north  of  Crawleyside,  near  Stanhope;  immediately 
south  of  parting  of  roads  northward  to  Newcastle  and  eastward 
to  Waskerley;  on  west  side  of  road. 

Maps :  One-inch  New  Ser.  Ordnance  26 ;  Old  Ser.  Geological 
103  N.W.;  six-inch  Durham  IT  S.W. 

Latitude  54°  47'  43".     Longitude  1°  59'  50". 

Geological  age :  Millstone  Grit  Series,  at  the  base  of  the  upper 
of  the  three  sandstone  groups  into  which  the  series  is  divided 
on  the  map. 

The  beds  lie  nearly  flat,  with  a  very  slight  E.N.E.  dip.  The 
rock  makes  a  small  escarpment  ou  the  moorland,  and  along  its 
scarp  should  be  more  or  less  free  from  cover,  which  may  increase 
northward  and  eastward. 
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Section  in  the  quarry:  — 

Bearing  of  soil  and  dark  platy  shale         ...         ...         ... 

Silica- ROCK,  hard  compact  pale  grey,  with  many  vertical 
boles  of  trees  ;   little  variation  in  thickness  ;   average 

Coal 

Grey  fireclay,  said  to  be  about       

Tlie  Cross  ganister  is  a  pale  grey,  very  fine-grained  hard  com- 
pact and  dense  quartzose  and  somewhat  qiiartzitic  sandstone,  with 
some  mica  and  a  small  quantity  of  a  dark  mineral ;  it  contains  few 
rootlets  but  many  large  holes  of  trees,  vertical,  and  running 
through  the  whole  thickness  of  the  rock.  It  is  a  '  silica-rock  ' 
rather  than  a  ganister,  but  it  is  quite  as  fine-grained  as  some  of 
the  Durham  pencil-ganister. 

Description  of  rock. — 1 1529.  Fine-grained  grey  micaceous  sandstone.  Grain  angular, 
average  about  0"1  mm.  Cement  siUcoous  with  small  quantity  of  iron  compounds. 
Interstitial  matter  of  small  amount.  Detrital  heavj'  minerals  abundant,  especially 
zircon.  Secondary  brookite  in  good  but  minute  ciystals,  very  plentiful  in  the  inter- 
stitial cement. 

Reserve'^ :  Evidently  great,  and,  as  far  as  can  be  judged  by 
surface  indications,  practically  unliniited.  The  cover  in  tbe 
quarry  may  be  expected  to  increase  somewhat  northward. 

Prodvcts  and  marhet :  The  ganister  is  used  for  making  'best 
silica-brick,'  and  the  whole  output,  which  in  September,  1916, 
was  expected  soon  to  amount  to  120  tons  a  week,  goes  to  Crook. 

Transport :  By  a  new  tub-line  for  560  yards,  to  the  North- 
Eastern  Railway  mineral  line. 

The  Consett  Iron  Co.,  Ltd. 

Consett,  Co.  Durham. 

West  Buts field  Quarries. 

Quarries :  There  are  two  quarries  situated  near  together  at  the 
bottom  of  a  small  valle}-,  one  on  either  side  of  Butsfield  Burn. 

Maps:  One-inch  New  Ser.  Ordnance  26;  Old  Ser.  Geological 
103  N.W.;  six-inch  Durham  18  S.W. 

Latitude  54°  47'  40".     Longitude  1°  51'  0". 

Geological  a</e :  Millstone  Grit. 

In  the  more  westerly  quarry  the  section  is  :  — 

Soil  and  rubble  containing  blocks  of  ganister  ('tumblers') 
Sandstone,  waste 

'Clay'  

Sandstone  united  to  the  bed  below,  crushed  for  sand  ... 

i  Best  stone  ...         ...         ...         ... 

'Ganister'    )  Parting  of  sandstone  (waste) 

('  Panels  ')       ]  Stone,  not  quite  equal  to  that  above  part- 

(      ing  

Bastard  ganister 

Shale  ('plate '),  dark  

A.  bastard  ganister  is  said  to  occur  below  the  shale.  The 
'  ganister '  consists  of  several  '  posts  '  or  strata  from  a  few  inches 
to  2  ft.  thick.  The  middle  of  the  '  ganister  '  sometimes  contains 
thick  jDlant  roots  and  stems,  but  these  are  not  common.  As  a 
rule  rootlets  are  not  found  in   the   '  panels.'      The    boulders  of 
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ganister  (tumblers)  liom  the  Ijeaiing  are  full  ol  rootlets.  It  i> 
evident  that  these  boulders  of  ganister  are  of  glacial  origin,  and 
that  they  represent  a  higher  horizon  than  that  worked  liere. 
They  agree  in  character  \\ith  the  rock  worked  at  Byerley  House, 
which  is  about  15  ft.  above  the  Millstone  Grit,  and  are  probably 
derived  from  that  bed. 

In  the  more  easterly  quarry  the  section  is :  — 

Soil  and  rubble,  with  lumps  of  ganister  smaller  and  fewer 
than  on  the  other  side  of  the  burn 

Sandstone,  crushed  to  sand         

Top-post 

Post  

Ciay  

Good  stone 
/  Inferior  stone,  united  to  and  requiring  to 
'  Ganister  '    |      be  broken  off  the  bed  below    ... 

Stone,  good  in  places,  about 

Good  stone 

Stone,  waste,  requires  to  be  broken  off 
bed  above 

Shale  (' plate ')  forming  the  floor  ... 
Freestone  is  said  to  be  below  the  shale. 

The  Top-post  of  the  ganister  is  said  to  be  '  on  end  '  and  the 
posts  below  level.  This  means  that  the  Top-post  contains  many 
vertical  joints,  dilTering  in  this  respect  from  the  posts  below.  The 
strata  are  nearly  horizontal. 

In  the  wood  through  which  the  burn  flows  there  are  many 
boulders  of  ganibter  which  will  be  gathered  and  used  eventually. 

The  westerly  quarry  was  not  working  (September,  1916)  owing 
to  scarcity  of  labour. 

Description  of  rocks. 

11594.  '  Main  ganister.'  Pa'e  grey  to  buff,  fine-grained,  slightly  micaceous  quart- 
zo.se  sandstone.  Grain  angular  and  about  01  mm.  Cement  siliceous.  Grains  closely 
jmcked.     Interstitial  impurities  of  small  amount. 

1  lfrl2.  Top  part  of  '  gai  liter.'  Pale  buff,  fine-grained,  slightly  micaceous  sandstone, 
(irain  angular,  O'l  mm.,  cement  siliceous.  There  is  a  certain  amount  of  interstitial 
ferruginous  matter. 

11645.  Best  ganister,  from  Drift.  Deeply  iron-stained,  fine-grained  white  quartiite. 
Grain  angular,  mostly  quartz,  and  about  U'UTS  mm.  The  iron-stained  portion  has 
suilered  some  de-silieification  with  the  replacement  of  secondary  silica  by  iron-com- 
pounds.    In  the  white  portion  the  cement  is  siliceous  and  the  rock  is  well  silicified. 

Reserves :  Large ;  probably  the  West  Butsfield  bed  extends 
over  a  large  area  and  could  be  followed  up  and  down  the  valley 
for  a  long  way. 

Products  and  market :  The  stone  is  sent  to  the  firm's  works  at 
Consett  to  be  made  into  ganister-(clay-bond),  and  silica-(lime- 
bond)  bricks.    Output  (September,  191G)  about  GO  tons  a  week. 

The  layer  of  sandstone,  from  2  to  6  in.  thick,  which  is  united 
to  the  top  part  of  the  ganister,  has  to  be  broken  off.  The  frag- 
ments are  crushed  to  a  sand  which  is  sent  to  the  firm's  ironwork.^. 

Transport :  The  stone  is  taken  by  motor-lorry  to  Rowley  Station 
on  the  North-Eastern  Railway. 
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William  Love  &  Co.,  Ltd. 

Carrside,  Redgate,  Wolsingham. 

Sandy  Carr  Ganister  and  Sandstone  Quarry. 

Quarry:  Situated  1  mile  N.E.  of  Wolsingliam,  \  mile  N.  of 
road  to  Lancliester. 

Maps:  One-incli  New  Ser.  Ordnance  26;  Old  Ser.  Geological 
103  N.W.;  six-inch  Durham  25  S.W. 

Latitude  54°  44'  35".     Longitude  1°  51'  55". 

Geological  age :  Millstone  Grit  Series ;  middle  group  of  the 
three  sandstone  groups  into  which  the  series  is  divided  on  the 
map. 

The  beds  lie  nearly  flat,  close  to  the  top  of  a  strong  escarpment, 
so  that  the  outcrop  can  be  worked  with  little  cover  for  a  great 
distance,  chiefly  westward.  But  the  cover  may  be  expected  to 
increase  somewhat  as  the  stone  is  followed  northward  into  the 
sloj)e.  Consequently,  as  a  large  amount  of  stone  has  been  worked^ 
the  quarry-face  is  a  long  one — nearly  half  a  mile. 

The  rock  is  a  pale  grey  or  whitish,  rather  hard,  fine-grained 
and  compact  sandstone,  distinctly  bedded.  About  1  ft.  at  the 
top  contains  a  few  rootlets,  but  does  not  otherwise  differ  notably 
from  the  rest  of  the  stone.  It  is  a  '  silica-rock,'  not  a  true  ganis- 
ter. A  thickness  of  15  to  17  ft.  is  worked :  the  bottom  of  the 
rock  is  not  seen  in  the  quarry. 

Description  of  rock. — 11518.  Silica-rock,  middle  portion.  Palest  grey  fine-grained 
moderately  compact  quartzose  sandstone.  Slightly  micaceous.  Iron-stained  locally. 
Grain  angular  and  uneven,  averaging  about  0'15  mm.  Cement  siliceous.  Detrital 
matter  other  than  quartz  of  small  amount  only,  on  account  of  the  interstitial  spaces 
being  small.     Secondary  brookite  is  present. 

Reserves :  Are  presumably  large,  as  owing  to  the  length  of  the 
quarry-face  a  great  quantity  of  stone  could  be  worked  before  a 
gradual  northward  increase  of  cover  rendered  open-cast  quarrying 
unrenumerative.  At  present  the  cover  is  not  more  than  3  ft.  of 
soil  and  clay. 

Output:  The  output  is  now  (1916)  roughly  about  280  tons  a 
week — probably  more  than  the  output  of  any  other  two  silica 
quarries  in  the  district. 

Products  and  market :  The  rock  is  used  for  making  '  best  silica- 
brick,'  '  second  silica-brick,'  and  ganister-brick.  For  making 
best  silica-brick  it  is  mixed,  as  a  minor  constituent,  with  several 
other  silica -rocks  and  ganisters ;  for  second  silica-brick  with  fewer 
other  silica-rocks;  while  for  the  ganister-brick  it  is  mixed  with 
several  other  silica-rocks  and  ganisters  and  some  fireclay.  It  has 
been  employed  for  ganister  mixture.  It  is  supplied  to  several 
firms  in  the  neighbourhood. 

Transport :  3j  cart  about  2  miles  to  Wolsingham  Station  on 
the  North-Eastern  Railway. 
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The  Egglestone  Ganister  Company. 

Castleside,  Consett,  Co.  Durham. 

Egglestone  Quarry. 

Quarry:  North  of  Laverock  Hall,  If  miles  X.N.W.  of  Eggle- 
stone Bridge,  and  nearly  3  miles  N.  by  W.  from  Ilomaldkirk 
Station,  Teesdale.  It  is  about  100  yards  N.  of  the  more  northerly 
of  two  basalt  dykes  shown  en  the  map. 

Maps :  One-inch  New  Ser.  Ordnance  32 ;    Old  Ser.  Geological 
103  tS.W.;  six-inch  Durham  40  S.W. 
Latitude  54°  -37'  50"     Longitude  2°  0'  50". 

Geological  age :  Carboniferous  Limestone  Series  (Calcareous 
Group),  in  the  highest  beds  very  little  below  the  local  base  of  the 
Millstone  Grit,  and  some  distance  above  the  Fell-top  Limestone. 

The  bed  crops  out,  with  north-south  strike,  along  the  slope 
down  to  a  stream  valley,  and  near  the  top  of  its  brow.  The  dip 
is  presumably  a  small  one  to  the  east.  The  stone  can  evidently 
be  worked  for  some  distance  northward  along  this  outcrop.  It  is 
not  worked  anywhere  else,  but  it  has  been  found  at  a  lower  level 
south  of  the  dyke  above  mentioned,  which  presumably  runs  along 
a  fault  with  southerly  downthrow.  An  attempt  w^as  made  to 
work  it  there,  but  the  amount  of  cover,  chiefly  shale,  proved  to 
be  excessive. 

The  cover  in  the  small  working  quarry  rises  up  to  12  ft., 
chiefly  shale.    It  would  doubtless  increase  eastward. 

The  Egglestone  ganister  consists  of  two  distinct  beds  :  Upper 
bed — white,  hard,  very  fine-grained  compact  silty  quartzose  and 
quart zitic  sandstone  (no  lootlets  seen  in  it),  probably  better 
described  as  a  *  silica-rock '  rather  than  a  *  bastard  ganister,' 
though  as  fine-grained  as  some  of  the  Durham  '  pencil-ganisters.' 
Lower  bed — blue,  very  fine-grained,  of  probably  less  quartzitic 
silty  sandstone,  partly  laminated — a  silica-rock  with  some  mica 
on  bedding  planes;  as  fine-grained  as  the  upper  bed,  but  appar- 
ently less  pure. 

Both  beds  are  worked  together  and  mixed,  but  as  the  upper 
bed  is  generally  thicker  than  the  lower,  there  is  presumably  a 
preponderance  of  the  white  stone  in  the  mixed  rock. 

The  following  section  gives  the  thickness:—' 

Light  and  dark  blue  shale,  sandy  at  bottom  up  to 
Rusty  sandstone,  up  to 
Shnle  part ing,  up  to 

Egolestone  I  White  quartzitic  sandstone  varying  from 
Ganister    I  Blue  quartzitic  sandstone,  about 

Description  of  rocks. 

11650.  Upper  bed.  Dirty  white,  ochre-spsckled,  fine-grained  quartzite.  Grain 
subangular,  0*  1 5  mm.  and  loss,  mainly  quartz  and  closely  packed.  Cementing  material 
eilicooiis,  locally  ferniginous.  Titanuim  minerals,  including  secondary  brookite, 
fairly  comm(Hi  in  the  interstices. 

11&49.  Lower  bed.  Grey,  fine-grained,  finely  false-bedded,  micaceous  sandstone. 
Grain  subangular  from  005  to  0*1  mm.  Cement  mainly  siliceous  but  impure,  contain- 
ing aericitic  matter  and  a  fairly  large  amount  of  the  usual  detrital  heavy  minerals. 
Non-calcareous. 
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in. 

12 

0 

0 

10 

0 

2 

3-G 

0 

3 

0 

58  SILICA-KOCK    AXD    GA^■ISTER. 

Reserves :  A.  large  supply  could  ceitaiuly  be  worked  along  the 
outcrop;  if  followed  eastward  into  the  rising  ground,  the  stone 
would  probably  have  to  be  mined,  as  the  amount  of  cover  may  be 
expected  to  increase  rapidly  in  that  direction.  Indications 
suggest  that  a  practically  unlimited  supply  may  exist  under- 
ground to  the  east  and  north-east. 

Products  and  market :  The  ganister  is  sold  for  making  '  best 
silica-brick,'  for  which  purpose  it  is  mixed  with  several  other 
silica-recks  and  ganisters.    The  whole  output  is  taken  to  Crook. 

Transport:  By  cart  to  Romaldkirk  Station,  on  the  North- 
Eastern  Railway  (about  3  miles). 

John  Coulthard  &  Sons. 

Pleasant  Villa,  Daddry  Shield  R.S.O.,  Co.  Durham. 

Harthope  Ganister  Quarry. 

Quarry:  2j  miles  S.S.W.  of  St.  John's  Chapel. 

Maps :  One-inch  New  Ser.  Ordnance  25 ;  Old  Ser.  Geological 
1U2  N.E.;  six-inch  Durham  30  N.E. 

Latitude  54°  42'  35".     Longitude  2°  12'  42". 

Geological  age :  Carboniferous  Limestone  Series  (Calcareous 
Group,  upper  part). 

The  rock  lies  apparently  about  40-50  ft.  above  the  '  Firestone 
Sill,'  and  a  very  few  feet  below  the  Fell-top  Limestone.  It  is 
regarded  by  Messrs.  Coulthard  as  one  of  the  '  slate  sills  '  of  that 
horizon.  It  crops  out  on  ground  rising  south-westward  for  a 
short  distance;  the  beds  on  the  whole  lie  nearly  flat,  and  have 
a  cover  averaging  6  ft.  of  peat  moss  in  the  quarry;  this  cover 
may  be  expected  to  increase  to  a  greater  thickness  of  shale,  lime- 
stone, etc. 

Description  of  rock. — 11510.  Pale  buff  fine-grained  sandstone,  approaching  quartzite. 
Non-felspathic.  Few  micaceous  fragments.  Grains  mostly  quartz,  generally  0"  1  mm. 
and  under.  Some  few  grains  up  to  0"3  mm.  Amomit  of  interstitial  matter  fairly  large 
and  detrital  minerals,  e.g.,  zircon,  etc.,  moderately  abundant. 

Reserves :  Believed  by  Messrs.  Coulthard  to  be  unlimited.  A 
thickness  of  about  12  ft.  is  worked  as  '  refractory  material.' 

Products  and  market:  Silica-rock  sold  to  be  mixed  with  other 
silica-rocks  and  ganisters  for  making  '  best  silica-brick,'  and  with 
the  further  addition  of  fireclay  for  ganister-brick.  The  whole 
output,  which  amounts  to  70-80  tons  a  week,  is  disposed  of  locally. 

Transport :  By  cart  to  St.  John's  Chapel  Station,  on  the  North- 
Eastern  Railway. 

Grayson    Lowood  &  Co.,  Ltd. 
(formerly  Mr.   T.  C.  Hume.) 
Rookhope,  Weardale. 
Redhurn  Quarry  and  Bolt's  Wall  Working. 

Quarries :  Redburn  Quarry,  about  3f  miles  N.W.  of  Eastgate 
Station,  and  about  1  mile  W.N.W.  of  Bolt's  Burn,  Rookhope. 

Bolt's  Wall  Working,  little  more  than  |  mile  N.  by  W.  from 
Bolt's  Burn,  Rookhope,  and  about  1  mile  eastward  of  Redburn 
Quarry. 
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Maps :  One-inch  New  Ser.  Ordnance  25 ;  Old  Ser.  Geological 
102  N  .E. ;  six-inch  Durham  16  S.E. 

Iledburn  Quarry:  Latitude  54°  47'  10".    Longitude  2°  7'  0'. 

Bolt's  Wall  Working:  Latitude  54°  47'  20".  Longitude 
2°  5'  45". 

Geological  age :  Carboniferous  Limestone  Series  (Calcareous 
Group,  upper  part),  about  midway  between  the  Fell-top  Lime- 
stone and  the  Main  or  Great  Limestone  below,  and  probably  just 
above  the  '  Firestone  Sill '  on  the  1-inch  map. 

The  ganister  of  both  Mr.  Hume's  workings  is  believed  to  be  the 
same  bed. 

Redburn  Quarry :  The  ganister  crops  out  on  both  banks  of  a 

small  stream-valley  running  S.E.     The  quarry  now  worked  by 

Mr.  Hume  lies  on  the  east  bank,  in  which  the  ganister,  passing 

north-eastward  under  rising  ground,  is  worked  along  its  outcrop 

under  a  cover  varying  from  4  to  9  ft. 

Ft.  in. 
Section  in  the  quarry  : — 

Clay  and  shale,  with  thin  beds  of  sandy  flags,  increasing 

north-eastwards,  from     ...         ...         ...         ...         ...         4-9    0 

Coal     ...         0     2-4 

'  Black  Pencil-qanistee  '  constituting  the  '  top  post,' 
a  hard,  light-grey  or  white  ganister  crowded  with  root- 
lets having  a  black  carbonaceous  film  and  numerous 
enough  to  give  a  dark  appearance  to  the  bed  :  thickness 
varying  from  about  ...         ...         ...         ...         ...       1  J— 2     6 

LiGHTEE  '  Pencil- OANiSTER,'  which  to  some  extent 
deteriorates  progressively  downward,  with  diminiahing 
number  of  rootlets,  about  ...         ...         ...         ...  4     6 

White  sandstone  (building  stone),  not  worked    ...         ...  — 

Bolt's  Wall  Working :  A  small  shallow  working  on  the  moor- 
land by  the  side  of  a  little  burn.  A  ganister  similar  in  appear- 
ance to  the  '  black  pencil-gauister  '  of  the  Kedburn  Quarry,  and 
regarded  as  the  same  bed  and  of  the  same  quality,  is  worked 
here  by  Mr.  Hume,  who  states  that  the  lower  part  of  the  ganister 
below  the  '  black  pencil-ganister  '  of  the  Redburn  Quariy  is  not 

firesent  at  Bolt's   Wall.     The  section  shows  about  2  ft.  of  good 
ooking  '  black  pencil-ganister,'  free  from  cover,  except  locally  a 
little  thin  and  irregular  peat. 

The  '  black  pencil-ganister  '  (top  post)  of  the  Iledburn  quarry 
is  a  white  or  pale  grey,  hard,  very  fine-grained,  silty,  quartzose 
and  quartzitic  sandstone — a  true  ganister  in  every  sense  except 
that  it  is  not  so  fine-grained  as  the  Sheffield  blue  ganister.  It  is 
full  of  rootlets  with  a  black  carbonaceous  film,  which  gives  the 
whole  bed  a  dark  appearance.  The  same  description  applies  to 
the  Bolt's  Wall  ganister.  The  silica  percentage  of  both  is  said 
to  be  97"  5 — 98  per  cent. 

The  ganister  below  the  top  post  is  somewhat  less  dense  and 
quartzitic,  and  seems  to  become  slightly  coarser-grained  down- 
ward. It  contains  far  fewer  rootlets,  and  is  distinctly  lighter  in 
colour.  It  is  inferior  in  quality  to  the  '  top  post,'  and  apparently 
passes  down  into  an  ordinary  sandstone  unfit  for  use  as  a  refrac- 
tory material. 

The  *  black  pencil-ganister '  of  Bolt's  Wall  is  mixed  with  the 
*  black  pencil-'  and  lower  ganister  of  Redburn,  rouglily  in  the 
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proportion  of  two  parts  of  black  pencil-  to  one  of  lower  ganister, 
as  worked.  But  as  the  thickness  of  lower  ganister  worked  is  more 
than  twice  that  of  the  'black  pencil-ganister,'  the  mixture  pre- 
sumably contains  rather  more  of  the  lower  than  of  the  upper  bed. 

Description  of  rocks, 

11590.  'Black  Pencil -ganister.'  Grey  fine-grained  ganister  or  quartzite  streaked 
plentifully  with  darker  giey  carbonaceous  matter.  Well  ."ilicified.  Grain  angular 
O'l  to  02  nxm.  Almost  entirely  quartz,  the  grains  being  closely  packed  but  sharply 
separated  from  each  other  by  a  film  of  carbonaceoua  matter  with  some  ferruginous 
c'ompounds. 

11592.  Lighter  Pencil-ganister.  Pale  gi'ey,  ochre  streaked,  carbonaceoua  sandstone. 
Slightly  micaceous  and  somewhat  friable.  Grains  mainly  quartz  with  soms  white 
mica,  angular  and  closely  packed.  Average  size  015  mm.  Cement  siliceous,  but 
silicification  incomplete,  there  being  a  fair  amount  of  interstitial  muddy  matter  which 
has  not  .suffered  silicification,  and  is  composed  of  finely  divided  quartz  and  mica 
j'ejidered  turbid  by  ferruginous  compounds  and  carbonaceous  material. 

Reserves :  Are  probably  considerable,  but  it  is  difficult  to  esti- 
mate the  amount  of  ganister  available  for  remunerative  opencast 
working. 

Products  and  market :  The  ganister  is  sold  to  be  mixed  with 
other  silica-rocks  for  making  '  best  silica-brick.'  The  present 
(1916)  reduced  output  varies  from  50  to  80  tons  a  week.  The 
ganister  is  sent  to  Middlesbrough  and  Crook. 

Transport :  By  cart  for  about  4  miles  to  Eastgate  Station  on 
the  North-Eastern  Railway. 

The  exposed  moorland  position  of  the  workings  and  the  neces- 
sity of  transport  for  some  distance  over  rough  roads  make  it  im- 
possible to  work  the  stone  in  bad  weather  and  generally  speaking 
in  winter. 


Tke  Sunderlajs'd  Clelgh  Ganister  Co. 
Rookhope,  Weardale. 
RooTclwpe  Quarry. 

Quarry:  Opposite  to,  and  about  200  yards  S.E.  of  Hume's 
Kedburn  Quarry. 

Maps :  One-inch  New  Ser.  Ordnance  25 ;  Old  Ser.  Geological 
102  N.E. ;  six-inch  Durham  16  S.E. 

Latitude  54°  47'  5".     Longitude  2°  7'  10". 

Geological  age :  The  stone  is  the  same  as  that  of  Hume's  Red- 
btirn  Quarr}'.  It  may  be  expected  that  the  stone,  which  is  similar 
in  appearance  to  that  of  the  Eedburn  Quarry,  carries  more  cover 
— but  the  quarry  was  not  visited. 

Product  and  market :  The  outpiit  is  not  large;  it  is  sent  to 
Crook  for  use  in  mixtures  for  silica-brick. 

Transport :  By  cart  to  Eastgate  Station,  on  the  Nortli-Eastera 
JRailway. 


DUEHAM. 
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Mr.  J.  V.  Peaet. 

Geld  Hill,  Wearhead. 
Gold  Hill  Ganister  Quarry. 

Quarry:  Nearly  2^  miles  N.W.  of  Wearhead  Station,  Wear- 
dale,  south  of  Gold  Hill  and  on  the  north  side  of,  and  close  to 
the  road.  It  is  nearly  half  a  mile  north  of  Mr.  E.  Peart' s  quarry 
in  the  lower  '  Brigg  Hazel  Rock,'  and  is  the  most  westerly  of 
three  ganister  quarries  near  together  on  the  same  outcrop. 

Mafs :  One-inch  New  Ser.  Ordnance  25,  Old  Ser.  Geological 
102  N.E.  ;  six-inch  Durham  22  N.E. 

Latitude  54°  46'  37".     Longitude  2°  15'  20". 

Geological  age :  Carboniferous  Limestone  Series  (Calcareous 
Group)  not  far  below  the  Main  or  Great  Limestone,  and  immedi- 
ately underlying  the  Four-fathom  Limestone. 

The  outcrop  runs  obliquely  along  a  gentle  slope  rising  north- 
ward and  eastward,  and  the  cover  will  certainly  increase  north- 
ward. 

Section  in  the  quarry  : —  Ft.  In. 

Shattered    blue  hmostone  {Four-fathom  Litnestone)  about  6     0 

f  Hard     white,     fiue-grained     ailty     quastzoae 

I       and     quartzitic     sandstone     with     rootlets 

Nattbass      I       ( '  peneil-ganister  ' )   varying  from  2  J  ft.   to  3     6 

Glll  j   Pale  grey  shaly  and  apparently  sandy  clay, 

Ganister.     '       up  to     ...         ...         ...         ...         ...         ...  0    6 

Rather  hard  light  grey  or  blue  compact 
fine-grained  and  somewhat  quartzitic  sand- 
stone,   with   carbonaceous   partings,   about  6    0 

The  upper  bed  is  in  appearance  essentially  a  ganister,  except 
that  it  is  decidedly  coarser  in  grain  and  less  densely  quartzitic 
than  the  Sheffield  blue  ganister;  and  it  is,  perhaps,  rather 
coarser-grained  than  the  other  two  local  rocks,  that  have  a 
ganister-like  character  and  are  known  as  '  pencil-gunisters  ' — of 
Tow  Law,  etc.,  and  Rookhope — it  is,  probably,  best  described  as 
a  '  bastard-ganister.' 

The  lower  bed  is  essentially  a  '  silica-rock  '  without  any  resem- 
blance to  a  typical  ganister. 

Description  oj  rocks. 

11581.  From  Gold  Hill.  Pale  grey  buff-stained,  rather  soft,  but  fine-grained 
sandstone.  Somewhat  micaceous  and  with  carbonaceous  streaks.  Composed  of 
closely  packed  quartz  grains  angular  and  about  0"15  ram.  and  smaller.  O'mcnt 
siliceous.  There  is  a  fair  amount  of  finely  divided  iron  ore  present  in  the  interstitial 
matter. 

11544.  Lower  bed.  Palest  grey,  fiao-'^rainod,  somewhat  friable  sandstone.  Local 
ron-staining  on  joints  and  cracks.  Mainly  quartz  with  a  little  sericitio  matter  derived 
from  decayed  felspar.  Grain  angular  ami  about  0"  15  to  0'  1  mm.  Amount  of  cementing 
material  small  and  mainly  siliceous. 

The  two  beds  are  worked  together  as  the  '  Nattrass  Gill 
Ganister,'  the  shaly  parting  being  picked  out. 

The  Nattrass  Gill  ganister  is  said  by  Messrs.  Pickford,  Holland 
and  Co.  to  contain  more  than  98  per  cent,  of  silica  in  picked 
samples,  and  to  average  9T'5-98  per  cent. 
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Reserves :  Are  probably  considerable  on  the  north  and  east 
sides.  But  on  the  north  the  supply  for  open-cast  working  will 
probably  be  limited  by  incre£\,se  of  limestone  and  other  cover, 
while  on  the  east  it  is  limited  by  the  proximity  of  other  holdings. 

Products  and  market :  Ganister  sold  for  making  '  best  silica- 
brick,'  for  \ihich  purpose  it  is  mixed  with  several  other  ganisters 
and  '  silica-rocks.'  The  whole  output,  which  is  evidently  not 
large  (probably  not  more  than  40  tons  a  week)  goes  to  Crook. 

Transport :  By  cart  to  Wearhead  Station,  on  the  North-Eastern 
Railway. 

Mr.  Lowe. 
Gold  HUl,  Wearhead. 

Quarry:  Less  than  2^  miles  N.W.  of  Wearhead  Station;  S.E. 
of  Goldhill,  on  north  side  of  road,  and  about  300  yards  E.S.E. 
of  J.  V.  Peart' s  quarry.  It  is  the  middle  quarry  of  three  that 
work  the  same  ganister  on  the  same  outcrop. 

Maps:  One-inch  New  Ser.  Ordnance  25;  Old  Ser.  Geological 
102  N.E. ;  six-inch  Durham  22  N.E. 

Latitude  54°  46'  30".     Longitude  2°  15'  12". 

Geological  age :  Carboniferous  Limestone  Series  (Calcareous 
Groupi) . 

Description  of  rock  (Nattrass  Gill  Ganister)  as  for  J.  V.  Peart's 
quarry,  with  the  following  differences  :  — 

That  the  upper  bed  ('  pencil-ganister  ')  has  increased  in  thick- 
ness to  5  ft.,  while  the  clay  parting  below  it  has  become  thinner. 
That  the  limestone  cover  is  more  solid  and  less  shattered  than 
in  the  other  quarry. 

Reserves :  Considerable,  but  not  unlimited,  so  far  as  open-cast 
working  is  concerned;  for  the  amount  of  cover  may  be  expected 
to  increase  somewhat  rapidly  northward,  as  the  Main  Limestone 
above  the  Four-Fathom  crops  out  in  the  same  field.  Moreover, 
two  neighbouring  quarries  are  only  about  300  yards  distant  on 
either  side. 

Products  and  market :  The  output  of  ganister  is  about  30  tons 
a  week,  all  of  which  goes  to  Crook. 

Transport:  By  cart  to  Wearhead  Station,  on  the  North- 
Eastern  Railway. 

Eastern  of  the  three  quarries  near  Gold  Hill. 

Quarry:  Near  Gold  Hill;  about  2  miles  N.W.  of  Wearhead 
Station,  N.E.  of  E.  Peart's  Brigg  Hazel  Quarry,  and  about 
300  yards  E.S.E.  of  Lowe's  Quarry ^ 

Maps:  One-inch  New  Ser.  Ordnance  25;  Old  Ser.  Geological 
102  X.E.;  six-inch  Durham  22  N.E. 

Latitud.3  54°  46'  20".     Longitude  2°  15'  8". 

This  quarry  was  not  visited,  as  the  ganister  is  the  same  bed  as 
that  seen  at  the  neighbouring  quarries  (J.  Y.  Peart's  and  Lowe's) 
and  is  said  to  be  precisely  similar  in  quality. 
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Reserves :  The  condition  us  regards  reserves  is  probably  similar 
to  that  of  J.  V.  Pearl's  quarry, 

The  total  amount  of  Nattrass  Gill  Ganister  available  for  use 

in  this  neighbourhood  must  be  very  considerable,    especially  if 

.  in  the  future  opencast  working  should  be  abandoned  in  favour 

of  mining.     At  present  the  ganister  is  woi-ked  only  by  opencast, 

and  each  of  the  three  adjacent  quarries  by  different  owners. 

The  Wensley  Ganister  Co. 
Wejisley,  Leyburn,  Yorks. 

Wensley  Quarry, 

Quarry :  Situated  at  Keldheads,  \  mile  north  of  "Wensley 
Station. 

Maps :  One-inch  New  Ser,  Ordnance  41 ;  Old  Ser.  Geological 
97  N.£.;  six-inch  Yorks  68  N.W. 

Latitude  54°  18'  50".     Longitude  1°  52'  50". 

Geological  age  :  Lower  Carboniferous. 

The  ganister  worked  at  Wensley  is  the  upper  part  of  the 
Preston  Grit  of  the  Geological  Survey  Map.  The  section  given 
on  the  six-inch  map  is:  — 

Undersett  Limestone. 

Plate. 

Grit. 

Plate. 

Limestone. 

Preston  Grit. 

Only  600  yards  to  the  west  of  the  Wensley  Quariy,  at  Preston- 
under-Scar,  the  Undersett  Limestone  rests  directly  on  the  Preston 
Grit.  The  Undersett  Limestone  of  North  Yorkshire  is  the 
equivalent  of  the  Four-Fathom  Limestone  of  Durham,^  hence 
the  horizon  of  tlie  Wensley  ganister  is  immediately  under  the 
Four-Fathom  Limestone  of  the  Carboniferous  Limestone  Series. 

Investigations  of  this  horizon  throughout  Wensleydale  might 
lead  to  the  discovery  of  ganister  in  other  places. 

The  quarry  .'section  shows  : —  Ft.  In. 

RiibbJe  of  eanistor,  about       ...  ...  ...         ...  ...  5    0 

Limestone,  platy,  lowc>it  part  touched  at  top  of  section 

[' Pencil-ganister,' whitish  with  rootlets  ...         2-3     0 

)  White  saccharoidal     sandstone,     fine-grained, 

Ganisteb^      traces  of  mica 6    0 

J  Sandstone,    wliitish    with    pmall    ferruginous 

(      spots      ...         6-7    0 

The  beds  dip  gently  to  the  east.  About  50  vfirds  to  the  east  of 
the  quarry,  which  is  bri)ig  worked  westwards,  is  a  lead-vein 
which  throws  down  to  the  W.S.W.,  and  in  the  nearest  part  of 
the  quarry  there  are  some  slight  disturbances  visible. 

Description  of  rocks. 

1164."'.  '  Pencil-paiuBter.'  Fine-grained,  pale-grey  to  pinkish  quartzite  with  car- 
bonaceous nml  f(>rnmiiinus  strcnks  and  patches.  Grains  angular  closely  packed  and 
with  secondary  enlargements.  Average  size  0*1  mm.  Cement  siliceous  T^-ith  some 
ferruginous  matter. 

1  H.  B.  Woodward  '  The  Geology  of  England  and  Wales,*  ed.  2, 1887,  p.  1&4. 
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11644  'White  Sandstone.'  Fine-grained,  white,  faintly  iron-stained  saccharoidal 
Quartzite.  Sub-angular  grain  0- 1  mm.  Almost  entirely  composed  of  quartz.  No 
micas  or  felspars.  Cement  secondary  siUca  with  a  little  mterstitial  ferrugmoui 
impurity. 

Reserves :  The  ganister  is  said  to  extend  to  Preston-under-Scar. 
On  the  east  it  is  cut  oS  by  the  mineral  vein.  Probably  it  also 
extends  northwards  into  the  hill-side. 

Products  and  market :  This  quarry  was  opened  in  April,  1916, 
and  was  not  fully  developed.  The  whole  of  the  rock,  including 
some  of  the  rubble,  is  sold  as  a  ganister  for  making  silica-bricka 
in  the  Durham  district.     The  output  is  about  200  tons  per  week. 

J'ransport:  The  stone  is  carted  to  Wensley  Station  on  the 
North-Eastern  Railway,  about  ^  mile  by  road  and  down  hill. 


Mr.  Emerson  Peart. 

Lanehead,  Weardale. 

Lanehead  Quarry. 

Quarry :  Situated  ^  mile  west  of  Lanehead  and  south  of  Gold 
Hill  on  south-west  of  road,  and  north-east  of  Killhope  Burn ;  it  is 
about  2  miles  north-west  of  Wearhead  Station. 

Maps :  One-inch  New  Ser.  Ordnance  25 ;  Old  Ser.  Geological 
102  N.E. ;  six-inch  Durham  22  N.E. 

Latitude  54°  46'  20".     Longitude  2°  15'  15". 

Geological  age :  Carboniferous  Limestone  Series  (Calcareous 
Group)  not  far  below  the  Four-Fathom  Limestone,  and  close  to 
the  Three- Yard  Limestone,  probably  just  above  it. 

The  Brigg  Hazel  Rock  here  crops  out  along  the  north  brow  of 
the  valley  of  Killhope  Burn,  and  is  worked  in  a  large  quarry 
apparently  opened  originally  for  building-stone.  The  quarry 
shows  a  face  of  about  25  ft.  of  sandstone,  of  which  only  about 
12  ft.  in  the  middle  seems  to  be  worked  as  a  silica-rock.  The 
lower  part  of  the  rock  in  the  quarry  is  yellowish  and  looks  of 
inferior  quality,  as  do  also  the  top  beds.  Above  these  there  is  a 
cover  varying  from  nil  to  6  ft.  of  soil  and  broken  sandstone. 

The  Brigg  Hazel  Rock  is  a  very  fine-grained  quartzose  sand- 
stone, white  or  whitish  in  colour  with  some  traces  of  bedding — it 
is  a  '  silica-rock/  not  a  ganister. 

Description  of  rock. — 11545.  Fine-grained,  dirty  white,  faintly  laminated,  compact 
micaceous  sandstone.  The  amount  of  detrital  mica  is  small.  Grains  mainly  quartz, 
but  with  a  fair  amount  of  sericitic  matter.  Average  size  of  grain  0"  1  to  0'  2  mm.  Angular 
and  somewhat  variable.     Cementing  material  of  small  amount  and  siliceous. 

Reserves :  Evidently  large. 

Products  and  market :  The  rock  is  sold  to  be  mixed  with  other 
silica-rocks  and  ganisters  for  making  '  best  silica-brick.'  The 
output,  which  is  not  large,  goes  to  Crook. 

Transport :  By  cart  to  Wearhead  Station  on  the  North-Eastem 
Railway  (about  2  miles). 
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Wearhead  Ganistek  Company. 

Thos.  Fiiilay,  Harperley,  Co.  Durham. 

Harthope,  or  St.  John's  Chapel  Quarry. 

Quarry:  Half  a  mile  south-west  of  St.  John's  Chapel,  on  east 
bank  of  beck. 

Maps :  Oue-iuch  New  Ser.  Ordnance  25  ;  Old  Ser.  Geological 
102  iN.E.;  six-inch  Durham  23  S.W. 

Latitude  54°  43'  55".     Longitude  2°  11'  20". 

Geological  age :  Carboniferous  Limestone  Series  (Calcareous 
Group),  not  far  below  Four-Fathom  Limestone,  and  close  to  the 
Three-  i'ard  Limestone — apparently  a  few  feet  above  it. 

The  rock  is  regarded  as,  and  presumably  is,  the  same  as  the 
Brigg  Hazel  Kock.  The  outcrop  is  quarried  along  the  steep  east 
bank  of  the  stream  valley,  the  beds  lying  nearly  flat,  and  the 
cover  increasing  southward  with  the  rise  of  the  ground.  In  some 
parts  of  the  quarry  the  rock  is  a  good  deal  crushed  or  sheared. 

The  thickness  of  rock  in  the  quarry  is  about  17  ft._,  the  top 
having  been  removed  by  denudation.  About  15  ft.  is  worked  as 
refractory  material,  the  bottom  bed,  of  a  darker  grey  or  blue 
colour,  being  rejected. 

It  rests  upon  dark  shale,  which  seems  to  be  only  a  few  feet 
above  the  Three-Yard  Limestone.  Cover  is  absent  altogether  in 
some  parts  of  the  quarry,  but  varies  up  to  10  ft.,  consisting  of 
soil  and  loamy  clay  with  broken  sandstone. 

The  rock — a  silica-rock  rather  than  a  ganister — is  a  fine- 
grained, fairly  compact  quartzose  sandstone,  some  parts  lami- 
nated with  mica  on  bedding  planes.  It  is  whitish  or  pale-grey 
on  the  whole,  but  the  laminated  parts  are  streaked  with  darker 
grey  or  blue.  It  is  less  uniform  in  appearance  than  the  Brigg 
Hazel  Rock  as  worked  for  refractory  material  at  Lanehead. 

Description  of  rock. — 11542.  Fir.e-grainrd  white  to  ppjest  prey  qiiartzite.  Mainly 
quartz  with  a  little  chert  and  felspar.  Grain  angular,  about  0*2  mm.  and  smaller. 
Cementine  materia]  .siliceous  and  not  in  great  amount.  Heavy  detrital  mineralB, 
less  strongly  represented  than  usual. 

Reserves :  A  considerable  quantity  of  stone  has  already  been 
worked  at  this  quarry,  but  the  amount  that  can  be  worked  in  the 
stream-valley  and  eastward  along  the  main  outcrop  is  apparently 
very  large. 

Products  and  market :  The  output  of  silica-rock,  about  50  tons 
a  week,  is  sent  to  Crook  to  be  used  in  mixture  for  ganistor-brick. 

Transport :  By  tram  and  rail  for  about  one-third  mile  to  the 
road,  and  thence  by  cart  for  a  short  distance  to  St.  John's  Chapel 
Station  on  the  North-Eastern  Railway. 

J.  GowLAND  &  Sons. 
Westgate,  Weardale. 
Westgate  Quarry. 
Quarry  :  At  Westgate,  Weardale. 

Maps:  One-inch  New  Ser.  Ordnance  25;  Old  Ser.  Geological 
102  N.E. ;  six-inch  Durham  23  S.W. 
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Latitude  54°  44'  20".     Longitude  2°  8'  40"— approximate. 

Geological  age :  Carboniferous  Limestone  (Calcareous  Group). 

A  silica-rock  is  worked  Jiere  below  the  Main  Limestone;  it  is 
likely  to  be  tlie  Brigg  Hazel  Stone  of  Wearhead,  but  this  is  not 
certain  as  the  quarry  was  not  visited. 

Products  and  Tnarket :  A  somewhat  coarse-grained  silica-rock 
is  sent  to  Crook  for  use  as  a  minor  constituent  in  silica-brick 
mixture. 

Transport :  By  cart  to  Westgate  Station,  on  the  North-Eastern 
Railway. 

"Whixstone  Company. 

Lunedale,  near  Middleton-in-Teesdale. 

Bow  bank  Quarry. 

Quarry:  At  Lunedale,  1|  mile  S.W.  of  Middleton-in-Teesdale, 
above  north  side  of  road. 

Maps :  One-inch  New  Ser.  Ordnance  31 ;  Old  Ser.  Geological 
102  S.E. ;  six-inch  Yorks  4  jN\E. 

Latitude  54°  36'  20".     Longitude  2°  6'  10". 

Geological  age :  Carboniferous  Limestone  Series  (Calcareous 
Group) ;  the  position  of  the  Lunedale  rock  is  not  far  above  the 
Scar  Limestone,  and  apparently  below  the  Five  Yard  Limestone. 
It  seems  to  be  at  a  lower  horizon  than  any  other  silica-rock  or 
ganister  now  in  use  in  the  north  of  England. 

The  Lunedale  rock  crops  out  near  the  top  of  the  north  brow  of 
the  deep  valley  of  Lunedale.  But  it  seems  to  have  been  thrown 
up  southward  by  a  fault  carrying  a  basalt  dyke,  upon  which  the 
quarries  have  been  opened,  and  to  have  been  brought  into  juxta- 
position with  shale  and  limestone  underlying  a  sill,  which  is 
probably  the  Whin  Sill  or  a  part  of  it. 

The  rock  is  evidently  of  considerable  thickness  as  compared 
with  the  generality  of  silica-rocks  of  the  district,  but  its  thick- 
ness was  not  ascertained  owing  to  the  difficulty  of  determining 
it  in  the  '  slickensided  '  and  inaccessible  face  of  the  quarry. 

The  rock  is  a  rather  hard  fine-grained  quartzose  and  somewhat 
quartzitic  sandstone,  containing  apparently  some  felspathic 
material  and  always  minutely  speckled  with  iron-oxide.  Possibly 
its  hardness,  when  it  is  quarried,  is  due  in  some  small  degree  to 
proximity  to  the  dyke.  It  is  essentially  a  '  silica-rock,'  not  a 
ganister. 

Description  of  rocks. 

1162.5.  Palest  grey  to  buff,  fine-grained  speckled  quartzose  eandstone.  Ochreous  on 
joints.  Grain,  subangular,  0'05  to  0'2  mm.,  average  about  0*  15  mm.  Mostly  quartz, 
but  with  some  admixture  of  chert  and  a  little  decompo.sed  felspar.  There  is  a  fair 
quantity  of  delessite  in  interstitial  spaces.     Cement  siliceous. 

11548.  Another  sample.  Pale  buff,  brown  speckled,  moderately  fine-grained,  and 
somewhat  friable  sandstone.  Slightly  micaceous.  Grain  subangular  and  about  0*1 
to  02  mm.  Cement  siliceous,  but  iron  and  titanium  minerals  are  represented 
jnterstitially. 

Prodticts  and.  market :  The  silica-rock  seems  to  be  worked  as 
a  by-product  in  quarries  worked  mainly  for  whinstone.  It  is  sold 
for  mixing  with  other  silica-rocks  and  ganisters  for  making  silica- 
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and  ganister-brick,  and  is  supplied  to  silica-brick  makers  at  Crook 
and  elsewhere.  But  it  seems  only  to  be  used  as  a  minor  con- 
stituent oi  «uch  bricks. 

Reserves :  A.  considerable  amount  of  this  rock  could  be  worked 
i|  required ;   but   it  seems  doubtful  whether  it  would  be  worked 
•  at  all  except  in  conjunction  with  the  whinstone 

Transport :  By   cart  to  Middleton-in-Teesdale,   on  the   Xorth- 
Eastern  Railway. 


The  West  Witton  Ganister  Fieebhick  Co.,  Ltd. 

Hunwick,  Willington  S.O.,  Co.  Durham. 

Head  Office:  Lloyds  Bank  Chambers,  Middlesbrough. 

Works :  Situated  7|  miles  south-west  of  Durham. 

Maps:  One-inch  New  Ser.  Ordnance  26,  Old  Ser.  Geological 
103  N.W.;  six-inch  Durham  34  S.W. 

Latitude  54°  41'  30".     Longitude  1°  41'  55". 

Geological  age :  Carboniferous. 

Fireclay  is  obtained  from  below  the  Busty  Coal  at  the  AVest 
Hunwick  Colliery  operated  by  the  firm  near  the  Brickworks. 

The  stone  for  silica-bricks  is  obtained  from  the  Wolsingham 
district. 

Products :  The  prin(dpal  output  consists  of  silica-bricks  (called 
'  ganister-bricks  ').  They  are  stamped  W.W.G.F.  and  are  sold 
largely  for  steel  works  and  coke-oven  plants  in  the  north  of  li.ng- 
land.  Fire-bricks,  fine-ground  fireclay  and  j)ugged  fireclay  are 
also  produced. 


The  Weardale  Steel,  Coal  and  Coke  Co.,  Ltd. 
Tudhoe  Colliery  Firebrick  Works,  Spennymoor. 
Weatherhill  Quarry. 
Works :  Situated  at  the  Colliery,  Spennymoor. 
Quarry:    Adjacent   to    Park   Head    mineral    station;    Ij    miles 
N.N.E.  of  Crawley. 

Maps :  One-inch  New  Ser.  Ordnance  26,  Old  Ser.  Geological 
103  N.W. ;  six-inch  Durham  24  N.W. 

Latitude  54°  46'  47".     Longitude  1°  59'  40". 

Geological  age :  Millstone  Grit  Series,  at  the  base  of  the  middle 
of  the  three  sandstone  grou])8  shown  on  the  six-inch  map.  The 
quarry  face  is  12  ft.  deep,  but  the  full  thickness  of  rock  is  not 
exposed.     Output  about  100  tons  per  annum. 

Products :  Firebricks  for  coke-ovens  and  '  special  silica- 
bricks.'  The  silica-bricks  are  made  from  Weatherhill  stone 
mixed  with  other  local  silica-rocks. 

Transport :  The  quarry  is  conne<'ted  by  an  incline  with  the 
Wear  Valley  Railway  (Stanhope  and  Carrhouse  Branch). 


(|8  silica-rock  and  ganister. 

Pease  &  Partners,  Ltd. 
Bankfoot  Brickworks,  Crook. 
Messrs.  Pease  and  Partners  are  makers  of  large  quantities  of 
silica-brick,  but  all  the  stone  required  is  bought;  they  own  no 
silica-rock  quarries.  The  products  include  '  second  silica  brick,* 
made  with  a  lime-bond  and  classed  as  a  '  ganister-brick,'  special 
fireclay  goods  and  common  fire-bricks.  (See  forthcoming  Report 
on  Fireclays), 

WiTTON  Firebrick  Co.,    Ltd. 

Slotbum  Brickworks,  Wear  Valley  Junction. 

The  Witton  Firebrick  Co.  make  '  best  silica-brick  '  of  Durham 

silica-rocks  with  a  bond  of  lime ;  also    '  No.  2  e-anister-brick  '  of 

similar  stone  with  a  fireclay  bond.     The  firm  does  not  own  any 

stone  quarries.    (See  forthcoming  Report  on  Fireclays). 


Silica-rock  is  worked  by  Messrs.  Horn  and  Scott  at  Cox  Green, 
Sunderland,  and  by  Messrs.  Hellifield  and  Whitfield  at  Burn- 
hope  Burn,  Wearhead. 

NORTHUMERLAND. 
Aid  Crag  Quarry,^ 

Quarry :  Situated  at  Aid  Crag,  Ridsdale  (Redesdale),  about 
2  miles  south-east  of  Woodburn  Station,  North  British  Railway 
(Wanabeck  Section),  and  about  1  mile  east  of  Watling  Street,  the 
nearest  road. 

Maps :  One-inch.  New  Ser.  Ordnance  and  Geological  13,  Old 
Ser.  106  N.E.;  six-inch  Northumberland  69  N.W. 

Latitude  55°  8'  55".     Longitude  2°  7'  30". 

Geological  age:  Lower  Carboniferous. 

The  Aid  Crag  sandstone  series  lies  about  160  ft.  above  the 
Redesdale  Limestone.  The  series  attains  the  thickness  of  about 
80  ft.,  and  some  of  the  individual  beds  are  very  massive.  The 
thick  bed  of  stone  at  Aid  Crag  is  at  least  60  ft.  thick,  and  has 
long  been  known  for  its  good  qualities  as  a  '  firestone  '  for  the 
construction  of  furnaces,  etc.  To  the  north  and  west  of  Aid 
Crag  softer  beds  come  in,  but  on  the  south  the  rocks  of  Great  and 
Little  Wanney,  pro])ably  on  the  same  horizon,  contain  much 
good  stone. 

The  Aid  Crag  firestone  contains  aboiit  97  per  cent,  of  silica. 

Description  of  rock. — Four  samples  of  stone  from  Aid  Crag.  The  majority  of  these 
rocks  are  pale  buff  friable  micaceous  sandstones  that  have  very  little  in  the  way  of 
cementing  material  and  contain  a  small  proportion  of  interstitial  argillaceous  matter. 
They  break  down  readily  between  the  fingers  and  all  show  iron-staining  in  a  greater 
or  less  degree.  The  purest  silica  rock  is  almost  white  in  colour  and  practically  free 
from  mica  and  argillaceous  material.  There  has  in  this  case  been  some  slight 
secondary  enlargement  of  the  quartz  grains,  but  anything  of  the  nature  of  a  cement 
is  wanting,  the  lock  being  extremely  friable.  The  grains  are  subangular  to  sub- 
rounded  and  average  about  0'  3  to  0'  4  mm. 

1  Information  in  part  from  notes  by  the  late  R.  Howse,  of  Newcastle,  per  Mr.  A. 
Mundle. 
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CHAPTER  IV. 
SILICA-ROCK  AND  GKl^lSTER— {continued). 

DERBYSHIRE. 

Outside  the  limestone  area  of  the  High  Peak  and  lirussington,. 
comparatively  little  siliceous  material  is  worked  for  silica-  and 
ganister-brick  making,  uud  that  is  all  in  the  northern  part  of  the 
county,  none  being  raised  southward  of  the  neighbourhood  of 
Ambergate. 

The  only  beds  of  ganister  or  silica-rock  worked,  or  at  present 
likely  to  be  worked,  in  the  district  as  constituents  of  silica-  and 
ganister-brick  are,  in  descending  order  :  — 

(a)  Middle  Coal  Measures. — A  thin  bed  of  quartzose  sandstone 
occurring  below  the  main  Tupton  Rock  as  a  '  ripping  '  above  the 
Tupton,  Furnace,  or  Low  Main  Coal. 

(6)  Lower  Coal  Measures. — The  Shefl&eld  or  Alton  Ganister, 
underlying  the  Halifax  Hard  Mine,  Ganister,  or  Alton  Coal. 

(c)  '  Glossop's  Ganister,'  a  silica-rock  about  100  ft.  below  the 
Sheffield  Ganister. 

(d)  Millstone  Grit  Series. — A  ganister  or  bastard  ganister  about 
12  ft.  below  the  base  of  the  Rough  Rock  at  Ridgeway,  Amber- 
gate. 

(e)  *  Litchfield's  Ganister  ' — a  silica-rock  occurring  either  in 
the  same  group  of  shales  as  the  above  ganister,  but  at  a  lower 
horizon,  or  else  in  the  Middle  Grit  Group  still  lower;  its  position 
is  uncertain  owing  to  faulting. 

Of  these  only  the  Sheffield  or  Alton  ganister  (6)  and  '  Glossop's 
ganister  '  (c)  are  at  all  extensively  worked,  the  former  at  Totley, 
Chesterfield,  and  Ambergate,  the  latter  only  at  Ambergate. 

*  Litchfield's  Ganister  '  (e)  opened  up  on  a  small  scale  by  a 
shallow  shaft  at  Nether  Heage,  near  Ambergate,  has  not  passed 
beyond  the  experimental  stage  of  trial ;  while  the  ganister  [d] 
below  the  Rough  Rock,  opened  in  a  small  hole  at  Ridgeway, 
apjioars  not  yet  to  have  been  tried 

The  sandstone  [a)  above  tlie  Tupton  Coal  is  used  at  the  brick- 
works and  iron-works  of  Messrs.  James  Oakes  and  Co.,  Riddings, 
Pyebridge,  on  a  small  scale  as  a  constituent  of  low-temperature 
ganister-brick. 

Of  these  rocks  it  may  be  that  only  the  Sheffield  or  Alton 
Ganister  is  of  more  than  local  development  as  a  stone  suitable  for 
silica-  or  ganister-brick  making.  From  the  latitude  of  Amber- 
gate northward  this  ganister  is  continuous  with  the  Sheffield 
ganister,  and  there  is  no  reason  to  suppose  that  it  does  not  con- 
tinue for  a  considerable  distance  eastward.  It  comes  in  again 
northward  of  this  latitude  on  the  west  side  of  the  Pennine  uplift  ;^ 
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and  it  is  almost  certainly  this  ganister  that  crops  out  on  that  side 
in  the  Lower  Coal  Measures  both  north  and  south  of  Chinley  and 
Bugsworth.  But  it  is  not  worked  in  that  neighbourhood,  and  is 
not  of  quite  the  same  quality  as  in  the  Sheffield  district. 

At  Ambergate  it  is  variable  in  thickness  and  on  the  whole  is 
thinner  than  in  the  Sheffield  district;  it  is,  moreover,  liable  to 
give  place  in  part  to  soft  fireclay.  A  short  distance  south  of 
Ambergate  it  ceases  to  be  a  ganister,  for  3^  miles  farther  south 
in  a  shaft  of  the  Kilburne  Colliery  it  has  changed  to  a  hard 
siliceous  underclay;^  and,  so  far  as  is  known,  it  never  recovers 
its  character  as  a  ganister.  Since  it  ig  proposed  to  mine  this  rock 
eastward  from  Bullbridge,  Ambergate,  and  an  attempt,  so  far 
unsuccessful,  has  been  made  to  reach  it  at  South  Wingfield,  the 
line  along  which  it  ceases  southward  to  be  a  valuable  ganister  has 
some  practical  importance.  Both  these  places  may  be  rather  near 
to  that  line. 

The  outcrop  has  been  recognised  by  Mr.  F.  Eussell  in  the 
railway-cutting  north  of  Wingfield  Park,  west  of  the  tunnel, 
little  more  than  ^  mile  north-east  of  the  Bullbridge  brick-pit. 

Except  at  Chesterfield,  this  ganister  seems  not  to  be  worked 
anywhere  between  the  neighbourhood  of  Ambergate  (see  p.  75) 
and  Totley  (see  pp.  71,  72).  No  recent  attempt  has  been  made  to 
work  it  at  its  outcrop  at  Alton,  where  a  good  deal  of  ganister 
was  formerly  got  out  in  the  crop-workings  of  the  Alton  Coal. 
There  are  several  other  places  at  which  the  outcrop  has  been 
recognised. 

The  above  ganister-  and  silica-rocks  are  not  the  only  ones  in 
the  district.  For  instance,  two  beds  of  ganister-like  sandstone 
or  bastard  ganister  were  met  with  in  deepening  a  shaft  at  the 
Kilburne  Colliery,  respectively  about  22  ft.  and  50  ft.  below  the 
Alton  Coal,  while  a  third  occurred  in  the  same  shaft,  about  52  ft. 
below  the  Naughton  Coal,^  all  in  Lower  Coal  Measures. 

The  measures  between  the  Rough  E-ock,  at  the  top  of  the  Mill- 
stone Grit,  and  the  Chatsworth  Grit,  at  the  base  of  the  middle 
division  of  the  series,  in  North  Derbyshire,  are  made  up  of  shale 
and  sandstones,  with  here  and  there  beds  of  ganister  and  thin 
coals. ^  These  measures  include  the  ganister  (d)  above  (pp. 
69,  76). 

James  Oakes  &  Co. 

Riddings. 

Works  and  mines :  Brick- works  at  Messrs.  Oakes  and  Co.'s 
Colliery,  north  of  the  Ambergate  and  Pyebridge  Railway  and 
west  of  Pyebridge  Station. 

3Iaps :  One-inch  New  Ser.  Ordnance  and  Geological  125 ;  six- 
inch  Derby  40  N.E. 

1  See  '  Geolcgy  of  the  Southern  Part  of  the  Derbyshire  and  Xottinghamshire  Coal- 
field '  (Mem.  Geol.  Surv.),  1908,  p.  185. 

2  Op.  cit.,  pp.  185-6. 

3  '  The  Geology  of  the  Carboniferous  Limestone,  Yoredale  Rocks  and  MUlstoue 
Grit  of  Nortb  Derbj'shire.'     (Mem.  Geol.  Surv.),  1887,  p.  10. 
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Geological  age  :  Middle  Coal  Measures. 

(a)  Fireclay  underlying  the  Deep  Hard  Coal. 

(6)  Silica-rock  occurring  as  a  '  ripping  '  above  the  Tupton, 
Furnace  or  Low  Main  Coal,  and  below  the  main  Tupton 
E-ock. 

Both  the  fireclay  and  the  silica-rock  are  obtained  from  the 
company's  coal-pits.  The  silica-rock  is  a  fine-grained  quartzose 
sandstone. 

Description  of  rock. — 11790.  Moderately  fine-grained  pale  grey,  somewhat  friable 
micaceous  and  kaolinitic sandstone.  Quaitz  grains  are  subangular  to  sub-rounded 
and  range  from  U'l  to  02  mm.  The  grains  are  not  closely  packed  and  there  is  a  fair 
quantity  of  interstitial  calcite  as  well  as  some  secondary  silica. 

Reserves  of  the  silica  rock  are  apparently  abundant. 

Products  and  market :  The  silica-rock,  together  with  about  10 
per  cent,  of  a  Derbyshire  '  ganister-sand  '  (in  which  the  included 
pebbles  have  been  crushed)  is  mixed  in  certain  proportions,  with 
the  fireclay  of  the  Deep  Hard  Coal. 

The  bricks  so  made  are  used  for  boiler-settings,  coke-ovens  and 
cement-kilns;  also  for  the  company's  own  brick-  and  pipe-kilns. 
They  are  suitable  for  any  purpose  for  which  a  heat  beyond  1250° 
C.  is  not  required.    They  are  said  to  stand  chemical  action  well. 

Transport :  By  Midland  Railway,  from  Pyebridge  Station. 


PiCKFORD,  Holland  &  Co.,  Ltd. 

Attercliffe  Road,  Sheffield. 

Moor  Edge  Mine  and  Brickworks  and  Strawberry  Lane  Mine. 

Mines  and  works :  Moor  Edge  Mine  and  Brickworks,  situated 
west  of  Totley  village,  on  west  side  of  road  to  Baslow.  Straw- 
berry Lane  Mine,  on  the  same  outcrop,  two-thirds  of  a  mile  farther 
north,  at  Strawberry  Lane. 

Maps:  One-inch  New  Ser.  Ordnance  and  Geological  lUO;  six- 
inch  Derby  17  N.E.  (Moor  Edge  Mine);  and  Derby  11  S.E. 
(Strawberry  Lane  Mine). 

Moor  Edge  Mine :'  Latitude  53°  18'  30".    Longitude  1°  33'  25". 

Strawberry  Lane  Mine :  Latitude  53°  19'  7".  Longitude 
1°  33'  28". 

Geological  age  :  Lower  Coal  Measures. 

The  ganister  worked  at  both  mines  (of  which  the  Strawberry 
Lane  Mine  is  only  now  being  opened  out)  is  the  '  Sheffield  blue 
ganister  '  underlying  the  Halifax  Hard  Mine,  Ganister  or  Alton 
Coal.  It  has  the  usual  character  of  the  ganister  in  the  Sheffield 
district  and  is  an  extremely  fine-grained,  dense  and  compacf 
quartzitic  sandstone,  V)lue  in  colour  when  unweathered,  with 
numerous  rootlets.  It  crops  out  in  the  neighbourhood  of  both 
mines  at  the  foot  of  a  strong  slope  and  has  a  rather  high  east- 
ward dip. 
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Tke  general  section  at  the  two  mines  is 


Ft. 


2 
2-3 


Sandstone  (seen  at  Strawberry  Lane)    ... 

Blue  bind  or  shale,  about 

Halifax  Habd  Mine  Coal,  fairly  good  and  not  very 
pyritous  ... 

Ganisteb,  good     

Soft  clay, inpersistent,  at  Strawberry  Lane,  up  to       ...         ...  1 

Bastard  ganister  (less  quartzitic  and  more  aluminous  than 
the  higher  ganister)  at  Strawberry  Xane,  becoming  at 
Moor  Edge  a  siliceous  fireclay  ...         ...         ...         ...  1-3 

At  Strawberry  Lane  a  bed  of  strong  sandstone  comes  in  at 
5  ft.  above  the  coal,  which  is  worked  with  the  ganister.  The 
intervening  shale  is  got  out,  to  leave  a  rock-roof.  No  attempt  at 
opencast  working  has  been  made,  and  the  dip  is  such  as  to  pre- 
clude this  method  of  working. 

The  material  seems  to  be  roughly  hand-picked  at  the  mines. 

Description  of  rock. — 11793.  Moor  Edge  Mine.  Pale-grey  fine-grained  highly  siUceous 
rock  with  carbonaceous  streaks  and  impressions  of  plant-remaina.  Composed  almost 
entirely  of  quartz  and  secondary  silica.  The  quartz-grains  vary  considerably  in  size 
and  range  from  03  mm.  in  the  larger  grains  to  0'03  in  those  of  the  bulk  of  the  rock. 

Reserves :  There  are  evidently  abundant  reserves  of  ganister  in 
the  ground.  The  present  supply  is  curtailed  by  shortage  of 
labour,  by  the  water-logged  state  of  the  northern  workings  of  the 
Moor  Edge  Mine,  and  by  the  as  yet  inadequate  development  of  the 
Strawberry  Lane  Mine,  which  is  intended  eventually  to  be  driven 
southward  into  the  Moor  Edge  Mine  along  a  strike  about  two- 
thirds  of  a  mile  in  length. 

Products  :  The  best  ganister  is  used  for  making :  — 

{a)  '  Ganister-brick  '  (with  a  lime  bond) — this  is  the  term  used 
at  the  Moor  Edge  Works  to  denote  what  is  generally  called  in 
the  Sheffield  district  '  best  silica-brick ;  '  for  this  brick  only  the 
best  ganister  is  said  to  be  used,  not  including  the  bastard  ganister 
of  Strawberry  Lane. 

(6)  '  Semi-ganister  brick '  (with  a  clay  bond),  which  is  the 
'  ganister-brick '  of  other  manufacturers ;  for  this  the  bastard 
ganister  of  the  Strawberry  Lane  mine  is  used,  as  well  as  the  best 
ganister  and  associated  fireclay  of  both  mines. 

(c)  Magnesite-brick  is  also  being  made. 

Market :  Nearly  all  the  ganister  obtained  from  these  mines  is 
used  by  Messrs.  Pickford,  Holland  and  Co.  themselves. 

Ganister-brick  (silica-brick)  and  magnesite-brick  are  supplied 
for  steel-furnaces.   They  are  used  largely  in  the  Sheffield  district. 

Transport  from  the  mines  is  by  cart  and  steam-lorry  to 
Sheffield. 

J.  &  J.  Dyson. 
Stannington,  near  Sheffield. 

Totley  Ganister  Mine. 

Mine :  Newly  opened  mines,  west  of  Totley,  on  the  north  side 
of  Blacka  Brook,  about  ^-mile  north  of  Messrs.  Pickford,  Holland 
and  Co.'s  Strawberry  Lane  Mine. 
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Maps:  One-inch  New  Ser.  Ordnance  and  Geological  100;  six- 
inch  Derby  11  S.E. 

Latitude  53°  19'  24".     Longitude  1°  33'  25*. 

Geological  age :  Lower  Coal  Measures. 

Three  adits  have  been  opened  in  the  Sheffield  ganister,  but  work 
was  begun  on  these  little  more  than  a  year  ago. 

The  section  in  a  new  cutting  at  the  mine  shows :  — 

Ft.  In. 
Sandstone,  flaggy  and  micaceous  ...         ...         ...         ...  — 

Shale,  about  ...         ...         ...         ...         ...         ...         ...  5    0 

Halifax  Hard  Mine  oe  Ganister  Coal 2    0 

Ganister,  good 2^-3    0 

Bastard  ganister  or  siliceous  '  clay  '      16 

The  beds  dip  gently  eastward.  The  ganister  is  of  blue  colour 
and  similar  to  the  usual  type  of  the  Sheffield  ganister. 

Reserves :  There  is  no  reason  to  doubt  that  an  abundant  supply 
can  be  obtained  here,  if  the  company  hold  a  sufficiently  extensive 
lease. 

Transport :  Motor-lorry  to  Sheffield. 

Edwaiid  Wright  &  Co. 
Wheatbridge  Potteries,  Chesterfield. 
Upper  Loads,   Ganister  Mine. 
Mine  :  Situated  4|  miles. south- west  of  Chesterfield. 

Maps:  One-inch  New  Ser.  Ordnance  and  Geological  112;  six- 
inch  Derby  24  N.E. 

Latitude  53°  14'  20".     Longitude  1°  33'  10". 

Geological  age :  Lower  Coal  Measures. 

Tlie  exact  position  in  the  sequence  of  a  thin  coal  resting  on  a 
bed  of  ganister  from  10  in.  to  2  ft.  is  uncertain.  Apparently  it 
is  the  seam  next  above  the  Alton  Coal,  though  it  may  be  the 
Alton  Coal. 

Owing  to  the  disadvantageous  situation  the  ganister  and  the 
clay  below  are  worked  only  to  a  limited  extent,  and  the  dip  of 
8°  to  the  north  quickly  carries  the  bed  below  water-level. 

Reserves :  In  the  neighbourhood  and  over  Holy  ^loor 
much  ganister  is  built  into  the  walls.  A  lower  thin  l>ed  of 
excellent  ganister  is  seen  in  some  old  shallow  workings  on  Long- 
side  Moor.  The  very  coarse  river  deposits  fringing  the  Hipper 
between  Holymoorside  and  Now  Brampton  consist  largely  of 
angular  blocks  of  ganister  similar  to  those  on  Holy  Moor,  and 
may  occur  in  sufficient  quantity  within  ^  mile  of  Brampton 
Sidings. 

MiDL.\ND  Refractories  Co.,  Ltd. 

Kelham  Island,  SheflSeld. 

Bullbridgc,  near  Ainbergatv  {and  neighbouring  outcrops). 

Works,  quarry  and  mine:  At  BuUbridge,  on  south  side  of 
Ambcrgat.o  ami  Pyebridge  Branch  ol  ^iidlaud  Railway,  ^-mile 
N.E.  of  Ridgcway. 
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Maps:  One-inch  New  Ser.  Ordnance  and  Geological  125 j  six- 
inch  Derby  40  N.W. 

Latitude  53'-^  3'  50".     Longitude  1°  27'  27". 

Geological  age  :  Lower  Coal  Measures ;  the  '  Sheffield  Ganister  ' 
underlying  the  Halifax  Hard  Mine,  Ganister  or  Alton  Coal. 

The  ganister,  as  mined,  is  veiy  similar  to  the  Sheffield  blue 
ganister  of  the  Sheffield  district,  but  perhaps  not  quite  so  com- 
pactly quartzitic,  nor  so  blue.  Moreover,  it  is  somewhat  variable 
in  thickness,  and  on  the  whole  thinner  than  it  usualljr  is  in  that 
district.   The  beds  have  a  general  eastward  dip  of  one  in  six. 

The  Bullbridge  brick-pit  has  long  been  in  use  as  a  clay-pit 
producing  materials  for  ordinary  bricks  from  the  shales  above  the 
Alton  Coal.  The  ganister,  which  is  exposed  in  the  bottom  of  the 
pit,  has  hitherto  been  worked  only  intermittently  on  a  small  scale. 
Now,  however,  preparations  are  being  made  to  mine  it  exten- 
sively eastward  under  thick  cover,  from  an  old  adit  in  the  south- 
east corner  of  the  pit.  It  is  expected  that  in  that  direction  the 
stone  will  prove  to  be  of  good  quality. 

In  the  clay-pit  itself  the  ganister,  as  well  as  the  overlying  coal 
and  the  associated  clay,  is  very  variable  in  thickness. 

The  section  in  the  east  side  of  the  pit  is  as  follows  :  — 

Ft.  In. 
Shale,  grej^  or  blue,  with  ironstone  nodules  ;    at  the  base 

pvTitou,s  shale  with  marine  fossils,  about  20  or      ...         ...  25     0 

Alton     (Halifax     Hard     Mine)     Coal,     exceptionally, 

6  ft.,  generally • 2-4     0 

White  '  Pot-clay,'  very  variable,  from  3  in.  to  exceptionally 

10  or  lift.:  generally  about...  ...         ...         ...         ...  6     0 

Ganister  varying  from  4  ins.  (exceptionally)  to  a  general 

thickness  of       ...         ...         ...         ...         ...         ...         ...         1-2    6 

Hard   piliceous   fireclay  or   ba.stard   ganister,   varying  from         2-6    0 
Sandstone  ...  ...  ...  ...  ...  ...  ...  — 

On  the  west  side  of  the  pit  there  is  soft  white  clay  below  the 
ganister,  but  none  above  it.  An  old  adit  on  that  side,  close  to 
the  outcrop,  shows  :  — 

Ft.  In. 

Alton  Coal        — 

Ganister,  weathered,  about      2    0 

Soft  white  clay,  variable,  up  to  ...         ...  0  10 

Hard  siliceous  rock  or  bastard  ganister,  about  ...         ...  20 

Sandstone  ...         ...         ...         ...         ...         ...         ...         ...  — 

At  its  outcrop  a  few  yards  farther  west  the  ganister  seems  to 
have  diminished  to  6  or  7  in. 

Description  of  rock. — 11488.  Ganister.  Compact  fine-grained  palest  buff  sandstone 
breaking  with  smooth  surfaces,  sharp  edges,  and  along  slightly  iron-stained  joints. 
Composed  almost  entirely  of  subangular  quartz-grains  of  from  0.1  to  0.3  mm.,  average 
0.2  mm.,  with  a  good  deal  of  interstitial  space  filled  with  micro-crystalline  silica. 
Detrital  heavy  minerals  present  are  zircon  and  tourmaline  in  small  quantity. 

Reserves :  If  the  stone  maintains  its  character  and  thickness 
eastward,  reserves  should  be  very  large  in  that  direction. 

Products  and  market :  Silica  bricks  and  ground  ganister  and 
semi-ganister  bricks  are  now  being  made. 

Transport :  The  brick-woiks  have  a  siding  on  the  Anibergate- 
Pyebridge  branch  of  the  railway. 
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Mr.  H.  Glossop. 

Ridgeway,  Ambergate. 
Glossop's  Ganister  Mine. 

Mine :  The  mine  enters  the  rising  ground  rather  less  than 
i  mile  north  of  the  junction  of  roads  at  Ridgeway,  on  the  lower 
(west)  side  of  the  road,  under  which  it  passes.  It  begins  just 
below  the  outcrop  of  the  lower  of  two  thick  sandstones  seen  in  the 
neighbouring  cutting  of  the  Ambergate-Pyebridge  branch  of  the 
railway,^  and  traverses  this  sandstone  eastward. 

Maps :  One-inch  New  Ser.  Ordnance  and  Geological  125 ;  six- 
inch  Derby  40  N.W. 

Latitude  53°  3'  50".     Longitude  1°  28'  2". 

Geological  age :  Lower  Coal  Measures,  approximately  100  ft. 
below  the  Alton  (Halifax  Hard  Mine)  Coal. 

The  beds  dip  gently  eastward  under  rising  ground,  so  that  in 
a  distance  of  less  than  a  ^  mile  in  that  direction  '  Glossop's 
Ganister  '  passes  under  more  than  100  ft.  of  cover. 

The  section  at  the  mine  shows  the  ganister  and  neighbouring 
beds  as : — 

Shale  (full  thickness  not  set n )    ... 

Glossop's  Ganister,  about      

White  fireclay,  about 

Micaceous   sandstone    (the    lov tr   of   the    two   thick   sand- 

stoneg  in  the  railway  cutting)  ...         ...         ...         ...  — 

*  Glossop's  Ganister '  is  a  very  fine  hard  quartzose  and  some- 
what quartzitic  sandstone,  bluish-white  in  colour,  with  .'-ome 
plant-remains.  It  is  a  silica-rock  rather  than  a  true  ganister.  It 
varies  somewhat  in  thickness  up  to  4  ft.,  with  an  average  of 
3  ft.  9  in.  at  the  mine.  It  is  said  to  be  uniform  in  character  and 
quality. 

The  stone  was  being  worked  by  opencast  for  a  short  distance 
along  its  outcrop  just  above  the  road.  J3ut  it  is  intended  to  mine 
it  in  future,  and  when  mining  operations  are  fully  developed  the 
opencast  will  be  abandoned. 

Description  of  rock. — 11792.  Fine-grained  grey  micaceous  .sandstone.  Composed  of 
angular  quartz-grains,  005  mm.  and  less,  in  a  siliceous  and  ferruginous  cenunt  with 
abundant  muscovite.     Deeply  iron-stained  on  the  joint-faces. 

Reserves :  If  the  stone  maintains  its  character  and  thickness, 
should  be  very  large  on  the  east  and  north-east  sides,  on  which 
sides  the  ground  is  free  from  large  faults  for  some  distance. 

Products  and  market :  The  stone  is  sold  for  making  ordinary 
silica-brick,  and  is  supplied  to  8heffield. 

The  present  output  is  100  tons  a  week.  But  it  is  intended  in 
future    to   make    at    Hidgeway   not   only    siliiu-brick,    but    also 


Ft. 

In 

10 

0 

.3 

9 

2 

G 

1  For  the  section  n  f  his  cutting,  see  '  Geology  of  tie  Sent  hern  prrt  of  the  Derb\'shiro 
and  Nottinghnm.«hire  Coalfield.'  (Mem.  Geol  Sun.'.),  1908,  p.  64,  in  whii  h  '  Glos'op's  ' 
gani.'iter  is  the  ^aidstone  (2  (t.  10  ii>.)  overlying  a  conspicuous  bid  of  white  sandy 
fireclay  (2  ft.  6  in.). 
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ordinary  red  brick  from  the  shale  above  the  silica-rock.     It  is 
expected  that  the  output  will  then  amount  to  150  tons  a  week. 

Transport :  By  rail :  the  entrance  to  the  mine  is  near  the  line 
of  the  Midland  Railway. 


Ganister  below  the  Rough  Rock  at  Ridgeway,  Ambergate. 

Situation:  About  200  yards  south  of  the  junction  of  the  roads 
at  Ridgeway,  on  the  east  side  of  the  lane  to  Belper,  below  the 
south  end  of  the  large  quarry  in  the  Rough  Rock. 

Maps :  One-inch  New  Ser.  Ordnance  and  Geological  125 ;  six- 
inch  Derby  40  X.W. 

Latitude  53°  3'  37".     Longitude  1°  27'  52". 

Geological  age:  Millstone  Grit  Series,  upper  part  of  the  shales 
between  the  Rough  Rock  and  the  Middle  Grit  Group. 

At  the  above  spot  a  small  trial-opening  had  been  made  in  a 
ganister-bed  a  few  feet  below  the  base  of  the  Rough  Rock;  but 
nothing  farther  had  been  done  in  the  matter  of  working  the 
ganister.     The  section  showed  :  — 

Ft.  In. 
Coarse  quartzose  and  f  el  spathic  sandstone  (base  of  Rough 

Rock)      — 

Blue  shale,  about  ...         ...         ...         ...         ...         ...  12    0 

Hard  blackish-blue  shale,  pyritous,  with  plants  and  possibly 

other  organic  remains  (this  -weathers  to  a  pale  grey  and 

whitish  soft  shale)  varying  from  6  in.  to     ...         ...         ...  10 

Ganistek,    pale    grey,    hard    fine-grained    with    rootlets, 

about      ...         ...         ...         ...         ...         ...         ...         ...  0     6 

Coal-smut,    generally    consisting    of    alternate    streaks    of 

ganister  and  rotten  coal ;  the  whole,  up  to  nearly  ...  0     1 

Ganister,    pale    grey,    hard    fine-grained,    with     rootlets 

(bottom  not  seen),  about         ...         ...         ...         ...         ...  2     0 

The  two  beds  of  ganister  are  similar  in  appearance.  The  stone 
dries  almost  white,  and  is  a  good-looking  ganister,  comparable 
in  appearance  with  the  best  Durham  ganisters,  but  apparently 
not  quite  so  compactly  quartzitic  as  the  best  Sheffield  ganister. 

Description  of  rock. — 11789.  The  Lower  Ganister.  Pale  yellowish  grey  fine 
grained  siliceous  rock,  very  deeply  stained  with  iron  on  all  joints  and  cracks.  A 
fine-grained  aggregate  of  quartz,  the  grains  averaging  about  005  mm.  and  being  sub- 
angular  in  character.  There  is  a  good  deal  of  microcrystalline  silica  and  a  moderate 
abundance  of  detrital  heavy  minerals,  more  especially  zircon  and  tourmaline.  Iron 
compounds  occur  throughout. 

Transport :  From  Ambergate  Station,  Midland  Railway. 

Mr.  S.  Litchfield. 

Nether  Heage,  Ambergate. 

Litchfield' s  Ganister  Mine. 

Mine:  Situated  about  500  yards  E.S.E.  of  the  cross-roads  at 
Heage  Firs,  in  the  south-west  comer  of  the  second  field  from  the 
south  side  of  the  road  going  east. 

Maps :  One-inch  New  Ser.  Ordnance  and  Geological  125 ;  six- 
inch  Derby  40  S.W. 
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Latitude  53°  3'  5".     Longitude  1°  28'  5". 

Geological  age:  Millstone  Grit  Series;  the  exact  position  ill 
the  series  is  uncertain  owing  to  the  proximity  of  a  fault;  but  it 
must  be  either  in  the  upper  half  of  the  Middle  Grit  Group,  or  in 
the  overlying  shales  below  the  Rough  Rough.  It  is  at  the  top  of 
the  dip-slope  of  that  rock,  which  there  makes  no  escarpment 
owing  to  the  fault. 

The  mine,  at  the  time  of  examination,  was  no  more  than  a 
shallow  trial-shaft.  No  mining  had  then  been  done.  The  shaft 
was  said  to  be  about  24  ft.  deep,  and  water  was  standing  in  it  at  a 
depth  of  12  ft. 

The  material  from  the  shaft  was  blue  shale  (evidently  from  the 
upper  part,  but  probably  not  enough  to  represent  all  that  was 
taken  out  above  the  stone),  hard,  compact  stone  ('  Litchfield's 
Ganister  '),  said  to  be  6  ft.  thick,  and  some  soft  white  fireclay, 
apparently  from  below  the  stone.    No  fragments  of  coal  were  seen. 

Description  of  rock. — 117i)l.  Fine-grained  buff-grey  micaceous  sandstone  with  a 
few  rootlets.  Moderately  compact.  Iron-stained  on  joints.  Composed  of  angular 
quartz-grains,  005  nun.  and  leas  for  the  most  part  and  modciutely  abundant  flakes  of 
musco\'ite  in  a  j)artly  siliceous  partly  terruginous  cement. 

Reserves :  Owing  to  the  fault  above-mentioned,  it  was 
impossible  to  form  any  idea  of  the  supply  of  stone  available. 


Outcrop  of  Sheffield  Ganister  near  Chinley  and  BugswortK. 

Situation :  About  two-thirds  of  a  mile  north  of  Bugsworth 
Station,  in  lane  above  Hill  Farm. 

Mays:  One-inch  New  Ser.  Ordnance  99;  Old  Ser.  Geological 
81  N.E.;  six-inch  Derby  8  N.E. 

Latitude  53°  20'  48".     Longitude  1°  57'  42". 

Geological  age:  Patches  of  Lower  Coal  Measures,  in  which  a 
ganister  bed  is  shown  upon  the  geological  map,  occupy  the  high 
ground,  both  north  and  south  of  the  Black  Brook  Valley  at 
Chinley  and  Bugsworth. 

No  ganister  has  been  worked  here  in  recent  years,  but  the 
overlying  coal  was  formerly  worked  at  and  near  its  outcrop.  The 
canister  is  seen,  fully  3  ft.  thick  (bottom  not  exposed),  in  the 
lane  above  Hill  Fai-m,  the  overlying  beds  being  obscured  by 
boulder-clay.  The  stone,  much  weathered  at  the  outcrop,  is  a 
very  fine-grained  ganister  with  rootlets,  apparently  as  fine- 
grained as  the  Sheffield  ganister;  but  it  contains  a  Tittle  mica. 
No  trace  of  the  marine  bed  above  the  overlying  coal  was  found ; 
but  there  is  not  much  doubt,  on  account  of  the  position  and 
character  of  the  stone,  that  it  is  the  Sheffield  ganister  underlying 
the  Halifax  Hard  Mine  or  Alton  Coal. 

DrscrijiUon  of  rofAv— 114JK).  Buff  finc-graiiu-d  nuoacooua  ^and!^tone  with  plant 
remains  and  s<  renks  of  carbonaceous  matter.  Small  angular  grains  of  quartz,  0-(»25  mm. 
and  minute  flakes  of  muscovite  in  a  crypt ocrystalline  siliceous  cement.  There  is  » 
certain  amount  of  iron  oxide  as  a  coating  to  the  grains,  and  aa  thin  veins  travereine  the 
rock. 
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Ganister  has  recently  been  worked  in  the  Lower  Coal  Measures 
about  Dore,  Millhouses,  Wingerworth,  Greystones,  Moorwood 
Moor  and  Holymoorside.  Thin  beds  have  been  observed  at  Upper 
Loads,  1^  miles  north-west  of  the  last-mentioned  place.  A  ganister, 
probably  in  association  with  the  Chatsworth  Grit  has  been  worked 
near  Tansley. 


Furnace  &  Foundry  Eefractories  Co. 

Millhouses,  near  Sheffield. 

Quarry  and  works :  Situated  at  Millhouses.  The  quarry  was 
formerly  known  as  the  Marriott  Wood  Brick  Pit. 

Maps  :  One-inch  New  Ser.  Ordnance  100,  Geological  (Temporary 
Edition)  100;  six-inch  Derby  11  N.E. 

Geological  age :  Lower  Coal  Measures. 

The  quarry  is  a  large  one;  the  upper  part  of  the  face  consists 
of  shales  and  clays  with  a  few  bands  of  ironstone  nodules.  The 
Ganister  or  Alton  Coal  is  2  ft.  6  in.  to  3  ft.  thick,  underlaid  by 
the  Ganister  with  an  average  thickness  of  2  ft.,  it  is  of  the  Sheffield 
type.  Below  this  is  a  considerable  thickness  of  fireclay,  white 
and  yellow,  in  which  large  nodules  of  ganister  are  occasionally 
found. 

Reserves:  Large.  The  ccver  will  thicken  as  the  quarry  is 
opened  towards  the  dip  and  may  necessitate  mining  for  tke 
ganister. 

Products :  All  the  quarry  material  is  utilised,  i.e.,  the  ganister, 
fireclay  and  the  shale.    The  last  is  made  into  red  bricks. 

Dore  Quarry. 

3Iaps  :  One-inch  New  Ser.  Ordnance  100,  Geological  (Temporary 
Edition)  100;  six-inch  Derby  11  S.E. 

The  same  company  works  a  quarry  situated  |  mile  north  of 
Dore  Church.  The  Ganister  Coal  is  2  ft.  6  in.  thick,  the  ganister 
averages  3  ft.  6  in.  and  is  underlain  by  a  fireclay.  At  present 
there  is  a  cover  of  15  ft.  of  shale.  The  ganister  is  sent  by  lorry 
to  Millhouses,  a  distance  of  3  miles.  The  fireclay  and  a  bastard 
ganister  are  not  yet  used. 

P.  T.  Turner  &  Bradbury. 

Dore. 

This  firm  works  a  quariy  about  i  mile  N.W.  of  Dore  in  the 
same  outcrop  as  the  above.  The  Alton  coal  is  only  about  4  in. 
thick.  There  is  a  cover  of  10  to  12  ft.  of  shales,  and  a  fireclay 
beneath  the  ganister,  neither  of  which  is  used.  The  ganister  is 
taken  to  Sheffield  by  lorry. 
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PiCKFORD,  Holland  &  Co.,  Ltd. 
AttercMe  Road,  Sheffield. 

Ganister  Mine,  Millhouses. 

Mine :  Situated  in  tbe  wood  on  the  east  side  of  the  railway,  a 
few  hundred  yards  south  of  Millhouse  Station. 

Maps :  One-inch  New  Ser.  Ordnance  100,  Geological  (Temporary 
Edition)  100;  six-inch  Derby  11  N.E. 

Geological  age :  Lower  Coal  Measures. 

The  ganister  is  associated  with  the  Halifax  Hard  Mine  Coal 
which  is  2  ft.  6  in.  thick;  the  ganister  is  about  the  same  thickness 
and  is  underlain  by  7  ft.  or  more  of  fireclay.  The  dip  is  sonth- 
east  about  one  in  13. 

The  mine  consists  of  a  shaft  and  adit.  Old  workings  have  been 
discovered  underground.  The  output  goes  to  Sheffield  by  motor 
lorry. 

Beauchief  Ganister  Co. 
Beauchief. 

Quarry :  In  the  wood  on  the  south  side  of  the  road  from  Bean- 
<hief  to  Ecclesall  and  Greystones,  about  \  mile  from  Beauchief 
Station. 

Maps  :  One-inch  New  Ser,  Ordnance  100,  Geological  (Temporary 
Edition)  100;  six-inch  Derby  11  S.E. 

The  beds  worked  are  similar  to  those  mentioned  above.  The 
quarry  face  is  about  80  yards  in  length. 

J.  &  J.  Dyson. 

This  firm  has  a  quarry  in  similar  beds  on  the  opposite  side  of 
the  road. 

Mr.  G.  H.  Key. 

Ganister  Mine,  Meanwood  Moor. 

Situation :  One  mile  east  of  South  Wingfield. 

Maps:  One-inch  New  Ser.  Ordnance  and  Geological  112;  six- 
inch  Derby  35  S.W. 

Geological  age :  Lower  Coal  Measures. 

This  is  a  new  mine  working  the  ganister  beneath  the  Alton 
Coal  which  crops  out  here,  and  is  about  2  ft.  3  in.  thick ;  it  is  used 
for  the  boilers.  The  ganister  varies  in  thickness  from  1  ft.  6  in. 
to  2  ft.  9  in. ;  it  is  of  good  quality. 
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CHAPTER   Y. 

SILICA-ROCK  AND  GA^ISTEU— {continued). 

SILICEOUS  SANDSTONES  AND  QUARTZITES. 

(CROWSTONES),  ON  THE  BORDERS  OF  CHESHIRE  AND 

NORTH   STAFFORDSHIRE. 

Beneath  the  Millstone  Grit  Series  in  the  triangular  area  having 
its  apex  just  south  of  Macclesfield  and  its  base  between  Mow 
Cop,  on  the  west,  the  Leek  on  the  east,  a  series  of  shales  with 
thin  sandstones  and  '  crowstones  '  of  the  Pendleside  Series 
appears.  This  series  is  found  in  four  separate  tracts,  of  which 
the  largest  is  the  group  of  hills  beginning  two  miles  south  of 
Macclesfield  and  extending  to  the  River  Dane  at  Hug  Bridge. 
On  the  other  side  of  the  river  the  same  strata  reappear  in  the 
parish  of  Rushton  James,  and  stretch  due  south  along  the  ridge 
at  Lask  Edge.    A  third  outcrop  of  the  same  rocks  forms  the  high 

f round  north-east  of  Rudyard  Reservoir,  extending  from  Gun 
Ind  towards  Leek.  In  each  of  these  three  localities  the  Crow- 
stones  occupy  the  crests  of  anticlinal  domes,  on  every  side  of 
which  the  beds  dip  outwards  from  the  high  ground  and  pass 
under  the  shales  and  sandstones  of  the  Millstone  Grit  Series.  The 
fourth  area  in  which  the  Crowstone  group  occurs  is  a  narrow 
belt  under  the  escarpment  of  Congleton  Edge,  that  is,  on  the 
Cheshire  side,  where  the  beds  dip  steeply  under  the  Millstone 
Grit. 

Crowstones : — The  normal  type  of  crowstone^  is  a  close-grained 
quartz  rock,  hard  and  brittle,  consisting  of  quartz  grains  set  in 
a  matrix  of  silica  deposited  in  optical  continuity  with  the' 
original  constituents.  In  colour  it  is  blue,  grey  or  buff,  according 
to  the  condition  of  weathering  and  iron-staining.  Occasionally, 
for  instance,  near  Mossley,  it  contains  rootlets  and  closely 
resembles  Sheffield  blue  ganister,  except  that  it  is  slightly  coarser 
in  texture.  On  the  other  hand,  it  may  be  represented  locally  by 
bastard  ganister,  shale,  or  coarse  grit. 

In  each  of  the  areas  indicated  above  this  rock  has  been 
quarried  for  road  metal,  it  has  been  worked  for  '  ganister  '  for  a 
long  time  on  Congleton  Edge;  on  Gun  Hill  it  has  only 
recently  begun  to  be  used  for  this  purpose;  on  Lask  Edge  it 
is  probably  not  suitable,  while  on  Sutton  Common,  Gawsworth 
Common  and  Bosley  Minn  it  does  not  appear  to  have  been 
tried  as  a  refractory  rock.     (See  map.  Fig.  5.) 

On  the  escarpment  from  Mow  Cop  towards  Congleton  Edge 
where  the  Third  Grit  of  the  Millstone  Grit  Series  forms  the  crest 

1  A  local  name  for  the  rock. 
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of  the  ridge  this  rock  has  been  extensively  quarried  in  the  past 
for  various  purposes,  and  it  is  being  worked  at  present  in  places 
for  admixture  with  the  shales  and  crowstoues  in  ground  ganister. 
The  First  Grit  or  Eough  Eock  crops  out  on  the  Staffordshire 
side  of  the  ridge,  and  is  locally  disintegrated  owing  to  the  de- 
composition of  the  rather  high  content  of  felspar.  When  this 
occurs  the  rock  is  either  a  bleached,  open-textured  grit  or  a 
friable  mass  of  quartz  grains  and  white  argillaceous  material. 


Index 


Macclesfield 


Fig.  5. — Map  showing  the  distribution  of  Croicstones  on  the 
borders  of  Cheshire  and  Staifordshire. 

Quarries  Indicated  by  Numbers  on  the  ^Iap. 

1,  Congleton  and  Copper  Hill  :    2,  Xewbold  :    3,  Mow  Cop:    4,  Gun  Hill  : 

5  and  fi,  Quarries  in  Millstone  Grit.] 
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In  the  neighbourhood  of  Froghall,  in  the  Cheadle  Coalfield, 
ganister  occurs  beneath  the  Stinking  or  Crabtree  Goal,  generally- 
associated  with  fireclay,  but  liable  to  rapid  changes  in  character 
when  traced  horizontally.  The  ganister  is  quarried  in  the  village 
of  Ipstones.  A  ganister  bed  appears  also  at  the  upper  part  of 
the  Split  or  Sweet  Coal,  and  is  quarried  to  the  west  of  Belmont 
Hall.i 

The  Mow  Cop  Brick  and  Ganister  Co.,  Ltd. 

Mow  Cop,  Cheshire. 

Mow  Cop  Quarries, 

Works  and  quarries:  Situated  on  the  road  between  Mow  Cop 
village  and  the  station,  immediately  south-west  of  the  Railway 
Inn,  i  mile  from  Mow  Cop  Station. 

Maps:  One-inch  New  Ser.  Ordnance  and  Geological  110;  six- 
inch  Staffordshire  6  N.E.     (Cheshire  58  N.W.). 

Latitude  53°  6'  48".     Longitude  2°  13'  15". 

Geological  age :  Lower  Carboniferous,  Pendleside  Series. 

The  silica-rock  worked  by  the  Company  occurs  near  the  southern 
limit  of  the  Crowstone  outcrop,  not  far  from  a  point  where  a 
N.  to  S.  strike  fault  throws  up  the  Coal  Measures  against  these 
beds.  The  trend  of  the  rocks  is,  therefore,  not  so  easy  to  follow  as 
it  is  farther  north. 

The  stone  quarry  nearest  the  inn,  about  30  ft.  deep,  with  a 
heavy  cover,  up  to  20  ft.  of  rubble  drift,  has  been  abandoned 
recently,  and  work  is  proceeding  in  a  new  quarry  along  the  strike 
towards  the  south-west.  The  rock  is  well-bedded,  forming  a  mass 
30  ft.  or  more  thick,  with  shale  partings ;  the  dip  is  towards  the 
south-east,  but  variable. 

The  best  silica-rock  is  a  fine-grained,  pale  grey,  quartzitic  sand- 
stone, with  slight  yellow  stain.  The  more  friable,  softer  beds, 
are  not  employed. 

A  few  yards  west  of  the  stone  quarry,  and  below  it,  is  a  '  marl ' 
pit,  showing  25  ft.  or  more  of  dark  grey  shale;  this  is  used  for 
ground  ganister.  Still  farther  down  the  hill  side  an  old  quarry 
exposes  more  shales  underlying  another  bed  of  sandstones,  too 
irregular  in  quality  to  be  worked. 

Description  of  rocks. 

11500.  '  Ganister.*  Palest  buff,  moderately  coar.se  and  somewhat  friable  sandstone. 
Pale  grey  where  unstained  by  iron.  Quartz-grains  have  secondary  gro\v-ths  and 
glisten  on  a  fractured  surface.  Grain  angular  and  averaging  0"1  to  0'2  mm.  There 
are  a  few  chert  fragments  but  practically  no  felspars. 

11501.  Bleached  Millstone  Grit,  from  the  outcrop  above  the  quarries.  Somewhat 
coarse  and  friable  white  sandstone.  The  quartz-grains  are  set  in  a  dead  white  paste. 
Grains  subangular  and  ranging  up  to  1  or  2  mm.  in  greatest  dimensions.  The  bulk 
of  the  material  is  quartz  but  there  is  a  little  soda-felspar  and  muscovite.  The  cement- 
ing material,  what  there  is  of  it,  appears  to  be  sihceous,  but  the  interstitial  matter 
is  partly  sericitic  and  partly  kaolinitic  in  character. 

Reserves :  Fairly  large,  but  may  be  reduced  towards  the  south- 
west by  faulting. 

'  The  Geology  of  the  Cheadle  Coalfield  '  {Mem.  Geol.  Surv.),  1903,  pp.  13,  16,  17. 
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Products :  Ganister,  ground  wet  or  dry,  and  silica-rock  sup- 
plied in  lump.     No  silica-bricks  are  made. 

Market :  Steelworks  in  Statiordshire,  Lancashire,  Warwick- 
fihire  and  Shefl&eld.  Also  rock  for  silica-brick  makers  in 
Sheffield. 

Trans'port:  By  trolley  line  to  road  below  the  works,  then  by 
cart  to  Mow  Cop  Sidings,  North  Staffordshire  Railway. 

The  Astbxjey  Silica  Co. 

(Late  Sankey  and  Hall). 

Mr.  D.  Boulton,  Kidsgrove,  Stoke-on-Trent. 

Newbold  Quarry. 

Works  and  quarry:  Newbold,  Astbury,  on  the  south  side  of 
the  road  from  Congleton  to  Gillow  Heath,  300  yards  west  of  the 
Mow  Cop  road. 

Maps:  One-inch  New  Ser.  Ordnance  and  Geological  110;  six- 
inch  Staffordshire  7  N.W.     (Cheshire  51  S.W.). 
Latitude  53°  7'  50".     Longitude  2°  11'  36". 

Geological  age :  Lower  Carboniferous,  Pendleside  Series, 
*  Crowstones.' 

The  quarry,  which  has  been  worked  for  many  years  for 
ganister  and  road  metal,  has  a  working  face  of  about  40  ft.,  with 
a  bearing  of  3  to  10  ft.  of  rubble  drift;  the  working  direction  is 
southward  along  the  strike.  The  silica  rock  is  obtained  from  three 
stout  beds,  having  an  aggregate  thickness  of  25  ft.,  separated  by 
beds  of  shale  8  to  10  ft.  thick.  According  to  analyses  provided  by 
Mr.  Boulton  the  content  of  silica  is  lowest  in  the  uppermost  rock 
bed,  926  per  cent.,  and  highest  in  the  bottom  bed,  97"0  per  cent. 
The  two  upper  beds  are  fine-grained  buff  to  blue  grey  sandstones, 
slightly  ironstained  along  the  joints  and  bedding  planes;  the 
bottom  bed  is  a  hard  blue  quartzitic  sandstone. 

The  silica-rocks  and  shale  ('  marl  ')  are  trammed  from  the 
quarry  to  the  adjoining  crusher  and  mill,  where  they  are  ground 
together  in  different  proportions  as  required.  The  bottom  hard 
rock  is  only  occasionally  used  in  these  mixtures,  the  bulk  of  it  is 
sold  for  roads.  It  has  no  doubt  a  trying  eft'ect  on  the  grinding 
pans,  but,  this  difficulty  apart,  it  should  be  an  excellent  material 
for  silica-brick. 

Dfftcriplxon  of  rocks. 

11498.  Bottom  bods.  Pino-praincd  compact  palest  groy  sandstone.  Iron-stained 
on  joints.  Grains  are  of  different  sizes  ;  the  larger  range  from  05  to  08  mm.,  and 
are  sot  in  a  closely  packed  mass  of  smaller  angular  grains  of  01  to  02  mm.  The 
larger  grains  are  nil  quartz  but  the  smaller  fragments  include  a  fair  proportion  of 
felsite  and  chert.  Pure  felspar-fragments  are  uncommon.  The  cement  is  not  very 
abundant,  but  consists  of  secondary  silica.  Many  of  the  grains  show  secondary 
enlargements. 

1 1499.  '  Best  Ganister.'  Extremely  fine-grained  compact  but  ironstained  sandstone, 
the  stain  running  through  the  rock  as  well  as  along  joints.  Grain  angular  averaging 
0"03  mm.  Composed  almo.st  entirely  of  quartz  with  a  little  muscovite.  Cement 
secondary  silica.  The  rock  is  particularly  rich  in  detrital  heavy  minerals,  especially 
zircon,  tourmaline  and  rutile. 
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Reserves :  Large,  in  the  direction  of  strike.  Mr.  Boulton  also 
works  the  same  set  of  rocks  on  another  estate  near  Mow  Cop. 

Products :  Ground  ganister,  lump,  silica-rock,  fine-grained 
silica  powder,  road  stone  and  chippiugs.  .. . 

Markets  :  North  Midland  district.  ^     > 

Transport :  By  road  to  nearest  station,  1^  miles,  Gillow  Heath, 
North  Staffordshire  Railway.  > 

The  Congleton  Silica  Brick  &  Ganister  Co. 

Copper  Hill,  Congleton. 

Copper  Hill  and  Congleton  Silica  Quarries. 

Works :  Near  the  quarry  at  Mossley,  about  a  mile  south-east  of 
Congleton  Station. 

Quarries:  Situated  on  Congleton  Edge,  about  j  mile  south  of 
Mossley  Farm.  There  are  two  small  quarries  in  the  Crowstone" 
silica-rock  on  the  west  side  of  the  Congleton  Edge  road  and  two- 
small  ones  on  higher  ground  in  the  Millstone  Grit. 

Maps:  One-inch  New  Ser.  Ordnance  and  Geological  110;  six-' 
inch  Staffordshire  3  S.W.     (Cheshire  51  S.W.) 
Latitude  53°  8'  30".     Longitude  2°  11'  5". 

Geological  age :  Lower  Carboniferous,  Pendleside  Series 
(Crowstone  Silica-rock)  and  Millstone  Grit. 

The  silica-rock  quarries  are  old  shallow  open  workings,  in 
ground  which  is  somewhat  disturbed  through  proximity  to  the 
Red  Rock  Fault  on  the  west  side.  Several  beds  of  dark  grey 
ganister-like  quartzite,  from  6  in.  to  6  ft,  thick,  are  exposed  with 
intervening  thin  shales ;  the  general  dip  is  south-eastward  into  the 
hill.  The  beds  are  worked  along  the  strike.  Below  the  silica-rock 
is  a  bed  of  fireclay.  A  cover  of  from  2  to  12  ft.  of  grit  rubble  . 
thickens  towards  the  rise. 

The  grit  is  obtained  from  quarries  in  the  strong  escarpment ' 
formed   by  the  Third  Grit  of  the   Millstone  Grit  Series,  which 
forms  the  crest  of  Congleton  Edge.    It  is  here  a  fairly  coarse  pale 
yellow  or  pinkish  felspathic  rock. 

Description  of  rocks. 

11496.  'Ganister.'  Pale  giey  fhie-gi-ained  sandstone,  with  plant  remains  and 
carbonaceous  streaks.  Closely  packed  sub-angular  quartz  grains,  averaging  0'2  mm. 
Small  amount  of  interistitial  matter,  the  cement  being  a  film  of  secondary  silica  between 
the  grains.     Felspar  occurs  most  sparingly. 

11497.  '  Grit.'  Somewhat  friable  and  moderately  coarse-grained  sandstone,  locally 
stained  yeUow  and  pale  brown  with  feriuginous  material.  The  quartz-grains  glisten 
on  a  freshly  fractured  surface.  Composed  mainly  of  quartz  but  there  is  a  fair  quantity, 
of  turbid  potash  felspar  and  a  little  muscovite.  The  grains  average  about  04  to 
O'o  mm.,  and  are  closely  packed.  The  cementing  material  is  mainly  secondary  silica 
with  some  ferruginous  matter. 

The  silica-rock,  grit  and  fireclay  are  ground  and  mixed  accord- 
ing to  requirement  at  the  works  near  by. 

Reserves:  Abundant  along  the  strike  of  both  rocks. 
Products :  Ground  plastic  ganister,  dry  ganister  (ground  from 
a  more  aluminous  bed),  silica  cement,  silica  sand  (ground  grit),   . 
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silica-stone  chippings  (prepared   from    both   ganister  and  grit), 
fireclay  (mainly  lor  mixtures). 

Market :  North  Midland  district. 

Transport:  By  road,  1  mile  to  Congleton  Station,  North  Staf- 
fordshire Railway. 

NOETH  STAFFORDSHIRE. 

SxEYD  Collieries,  Ltd. 

Burslem,  Stoke-on-Trent. 

Gun  Quarries. 

JVorks  :  Brickworks  Department,  Burslem. 

Quarries :  At  Gun,  Heaton,  about  ^-mile  south  of  the  cross 
roads,  south  of  Gun  End.  Also  several  small  quarries,  adjoining, 
operated  by  Arthur  Allen,  Leek  Frith;  Richard  Dale,  Rudyard, 
Leek;  and  the  Leek  Rural  District  Council. 

Maps:  One-inch  New  Ser.  Ordnance  and  Geological  110;  six- 
inch  Staffordshire  4  S.W. 

Latitude  53°  9'  0'.     Longitude  2°  3'  20". 
Geological     age :     Lower     Carboniferous,      Pendleside     Series, 
(Crowstones). 

The  Crowstone  has  been  quarried  for  many  years  for  road  metal 
along  the  N.S.  strike,  near  the  crest  of  a  sharp  anticline.^  The 
older  quarries  are  situated  on  the  east  side  of  the  road  from  Gun 
to  Meerbrook.  A  new  quarry  has  been  opened  on  the  other  side 
of  the  road  in  the  same  rocks.  In  most  of  the  workings  the  dip 
is  downhill  towards  the  west,  at  about  30°. 

The  quarries  expose  20  ft.  of  thin-bedded,  much-jointed  fine- 
grained quartzite  and  quartzitic  sandstone,  6  in.  to  4  ft.  thick, 
with  thin  partings  of  shale.  The  prevailing  tint  is  buff,  but  the 
stronger  beds  are  purple-grey,  called  '  blue  ' ;  this  is  the  variety 
preferred  for  silica-brick.  The  lump  rock  is  washed  and  some- 
times scrubbed  with  hard  brushes  at  the  works  to  free  it  from 
adherent  clay. 

Description  of  rock. — 11502.  Light-grey  fine-grained  quartzose  sandstone.  Graia 
O'l  to  04  mm.  average  about  0'3  mm.  The  grains  are  siib-angnlar  and  mostly  quartz. 
The  cementing  material  is  siliceous,  but  small  in  quantity  and  deeply  stained. 

Reserves :  Very  large ;  the  outcrop  extends  southwards  from 
the  roadstone  quarry  at  Shaw  Bank,  near  Gun  End,  through  the 
Gun  pits  for  a  distance  of  about  l.j  miles. 

Products :  Road-metal  and  silica-rock.  The  Sneyd  Collieries 
Company  manufacture  silica-brick  (lime  bond)  and  furnace-bricks 
made  from  80  per  cent,  of  the  silica-stone  and  20  per  cent,  fire- 
clay, also  ground  ganister. 

Transport :  Tlxe  rock  is  carted  "from  the  quarries  to  Rushton 
Station.  North  Staffordshire  Railway,  for  carriage  to  the  works 
at  Burslem. 

1  •  Geology  of  the  Country  around  Macclesfield  '  {Mem.  Otol.  Surv.),  1906,  p.  13. 
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CHAPTER    VI. 

SILICA-ROCK  AND  GANISTER— (contwwecZ). 

SOUTH  LANCASHIRE,  NORTH  LANCASHIRE, 
AND  CUMBERLAND. 

SOUTH  LANCASHIRE. 

In  South  Lancashire,  as  in  South  Yorkshire,  the  Lower  Coal 
Measures  are  characterised  by  the  presence  of  a  Ganister  Rock 
i(galliard  or  crowstone),  which  forms  the  seat  or  floor  of  one  or 
other  of  the  coal-seams,  and  particularly  of  the  Ganister  Coal  or 
Lower  Mountain  Mine. 

The  ganister  is  more  variable  in  thickness,  and  liable  to  more 
rapid  passage  into  a  siliceous  fireclay  than  in  the  Sheffield  district. 

In  the  Wigan  district  both  the  Lower  Mountain  Mine  (6th 
Coal)  and  the  Ganister  Coal  (4th  Coal)  may  have  ganister  rock 
forming  part  of  the  seat-earth.^ 

On  the  Cheshire  border,  about  Bollington  and  Macclesfield, 
the  floor  of  the  Ganister  or  Lower  Mountain  Mine  Coal  is,  as 
a  rule,  a  hard  siliceous  fireclay,  light-grey  in  colour  and  traversed 
by  stigmarian  rootlets;  its  silica  percentage  is  88,  and  its 
alumina  percentage  7  to  8.  It  is  little  affected  by  weathering;  as 
it  is  difficult  to  grind,  it  appears  to  be  of  little  value,  except  as  a 
means  of  raising  the  silica-content  of  clay  mixtures  and  as  a  source 
of  ground  ganister.  Some  varieties  of  the  stone  have  been  called 
*  silica-rock  '  locally. 

In  the  Bolton^  district,  in  the  valley  of  the  Spodden,  at  Donnis- 
booth  Wood,  there  is  a  good  exposure  of  the  rocks,  showing  the 
outcrop  of  the  ganister  Coal  in  the  Banks  of  the  brook.  The 
lower  part  of  the  coal-floor  consists  of  an  inferior  sandy  fireclay 
and  over  this  is  laid  the  Ganister  rock,  with  an  extremely  irregular 
floor;  it  varies  in  thickness  from  1  to  2  ft  The  rock  is  very  hard, 
and  contains  casts  of  stigmaria.  Another  good  exposure  of  the 
Ganister  rock  occurs  in  the  Wardle  valley  at  Clough  House  Brook, 
where  it  weathers  white.  In  the  Bacup  district  the  Ganister  rock 
begins  to  disappear  about  Shackleton  Holmes. 

At  the  Hulton  Colliery,  near  Bolton,  the  ganister  rock  is  abont 
6  ft.  thick,  and  apparently  of  very  fair  quality. 

Ganister-like  rock  is  found  at  other  horizons  in  the  Bolton 
district,  for  instance,  the  Lower  Pendleside  Grit  in  Pendle  Hill 
in  places  takes  on  this  character,  and  at  Black  Hill  in  the  Sabden 
Yalley  a  very  fine  hard  siliceous  grit,  with  a  coal-seam  overlying 
it,  is  used  for  road-mending,  and  is  locally  known  as  '  ganister.' 

About  Oldham^  the  Ganister  Coal,  with  the  underlying 
Ganister  rock,  outcrops  at  Broadshaw  Hill  and  in  the  brook- 
course  east  of  Chesham,  about  100  yards  north  of  the  Chesham 


1  '  The  Geology  of  the  Country  around  Wisran  '  {Mem.  Geol.  Surv.),  1862,  p.  9. 
2 'Geology   of   the   Country   around   BoIton-le-Moors,   Lancashire'    (Mem.    Oeol. 
Surv.),  1862,  p.  5. 

3  '  The  Geology  of  the  Country  around  Oldham  '  (Mem.  Geol  Surv.),  1864,  p.  18. 
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Plate  II.     Map  of  South  Laneasldre  and  part  of  East  Cheshire. 
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Fault,  near  Buiy.  It  may  also  be  found  along  the  top  of  the 
banks  in  Cleggs  Wood,  which  overhangs  Birtle  Brook;  at  Pen 
Green  Colliery  it  lies  at  a  depth  of  63  yards.  It  crops  out  along 
the  northern  side  of  Bagslate  Moor,  near  Rochdale,  and  has  been 
worked  under  Tunshill,  Helpet  Edge  and  Besom  Hill,  and 
appears  in  the  banks  of  the  reservoir  on  Wey  Moss,  east  of 
Crompton.  At  Broad  Car,  Hazelhurst  and  Higher  Fold,  north 
of  Stalybridge,  it  has  been  worked. 

The  ganister  is  little  used  in  this  district,  except  as  an  accessory 
material  in  fire-brick  making.  Rocks  obtained  from  the  following 
firms  have  been  examined  and  are  described  below ;  a  fuller 
account  of  the  pits  and  works  will  be  given  in  the  volume  on  Fire- 
clays. 

The  Pioneer  Brick  and  Tile  Co.,  Ltd. 

Grotton,  Lees,  Oldham. 
Description  of  rocks. 

11556.  '  Ganipter,'  top  seam.  Pale  grcj',  fine-grained  laminated  and  highly 
micaceous  sandstone.  Streaked  with  earbonaeeoup  matter.  Grain  angniar,  about 
O'l  mm.,  and  smaller.  Openly  spaced.  Cemxnt  silictcus,  lut  the  rock  is  not  com- 
pletely sihcified.  The  interstitial  matter  is  of  ccnsidereble  amount  and  besides 
secondary  silica  consists  of  mdnute  silica-fregmt its  -with  a  fair  piopcrticn  of  sericitic 
matter. 

11558.  'Ganister,'  bottom  seam.  Very  fine-grained  palest  IvS  frely  niicrctcus 
sandstone.  Locally  iron-stained.  Grain  angular,  005  ard  fxralltr.j  Mostly  que  itz. 
Interstitial  matter  partly  siliceous,  partlj'  sericitic. 

Mr.  John  Sciiofield. 
Delph,  near  Oldham. 

Thurston  Clough  Coal  and  Fireclay  Mine. 

Description  of  rock. — 11599.  Rock  from  between  the  fiicelays.  MccLum  giaircd. 
somewhat  soft  and  friable  pale  grey  kaolinitic  and  micaceous  sandstone.  Lccaiiy 
iron-staimd.  Quartz  grains  angular  and  cf  unequal  size,rar.ginguptoOomm.  Piapio- 
clasp  felspar  is  common  in  an  undecompostd  state.  Potash  felspar  is  dcccmposcd  erd 
has  given  rise  to  kaolinitic  and  micaceous  aggiegates.     Ciment^aigillaceous. 

Thos.  Shaw  (Oldham),  Ltd. 

Lowside  Brickworks,  Glodwick,  Oldham. 

Description  of  rock. — IICW'.  '  Gani.'^lcr,'  supplied  for  furnace^  lining.  Mccleiately 
fine-grained  pal(  st  grey  to  white,  kaohnitic  and  micaceous  (•ar.dstone.  Kot  sufficidilly 
silicifiid  to  be  designated  quartzitc.  Composed  mainly  of  sub-ai!f.ular  quaiiz-Liiur.s, 
about  015  mm.,  with  a  subuidinate  amount  of  scda-lime  felspar,  but  a  fair  quantity 
of  interstitial   micaceous  matter.     Cement  partly  siliceous,   partly  argillaceous. 

Ravenhead  Sanitary  Pipe  &  Brick  Co.,  Ltd. 

Upholland,  near  Wigan. 
Description  of  rocks. 

11555.  'Ganister  No.  1.'  Fine-giaincd  palest-grey  white-speckled  micaceous  sard- 
stone.  Even-textured.  Locally  ircn-stnined.  Grain,  angular  about  015  mm. 
Mainly  quartz,  but  a  few  fragments  of  chert  and  other  siliceous  rocks.  Cement 
siliceous,  locally  turbid  with  iron-ce  mpcunds.  Interstitial  matter  modtiate  in 
amount. 

11554.  '  Ganister  No.  3.'  Fine-grained,  buff,  even  textured  sandstone.  Somewhat 
friable.  Slightly  micaceous.  Grains  somewhat  openly  spaced,  and  amount  of 
interstitial  matter  proportionately  large.  Average  size  of  grain  about  0*1  mm.  .Mostly 
quartz.  The  cementing  material  is  mainly  secondary  silica,  but  unsilicified  interstices 
are  filled  with  muddy  matter  and  sericitic  decomposition-products. 
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The  Greengate  Brick  &  Tile  Co. 

Ravenhead,  St.  Helens. 

Description  of  rock. — 11597.  Sandstone  ui=ed  for  mixing  with  fireclay.  Fine-grained 
dove-grey  false-bedded  sandstone,  the  false-bedding  being  marked  by  thin  carbon- 
aceous and  micaceous  films.  Ironstained  on  joints.  Composed  of  angular  quartz- 
grains,  0-05  mm.  and  smaller,  in  a  muddy  matrix  of  minute  quartz-chips,  finely  divided 
micas,  ferruginous  and  carbonaceous  matter  and  the  usual  heavy  detrital  impurities. 
The  cement  is  weak  and  is  only  partly  siliceous. 

J.  &  S.  EoTHWELL,  Ltd. 

Dojicocker  Fireclay  Works,  Bolton. 

Description  of  rock. — 11598.  'Ganister.'  Dark-grey  argillaceous  rock  with  plant- 
remains.  Although  containing  a  good  deal  of  finely  divided  quartz,  this  rock  would 
be  better  described  under  the  heading  of  fireclay. 

Wm.  Hammond,  Ltd. 

Pott  Shrigley,  near  Macclesfield. 
Description  of  rocks. 

11587.  'Ganister.'  Fine-grained  grey  ganister.  Grain  angiilar,  mostly  quartz, 
about  0"05  nxm.  and  smaller.  Cement  siliceous,  but  shghtly  turbid  from  carbon- 
aceous matter  and  other  impurity.  A  certain  amount  of  interstitial  ferruginous 
material. 

11515.  Sandstone  for  Silica-brick.  Coarse  buff  sandstone,  iron-stained  on  joints. 
Average  grain  0'3  mm.  The  interstices  are  packed  with  minute  grains  and  the 
cementing  material  is  partly  siliceous  and  partly  ferruginous.  The  grains  are  mainly 
quartz  with  a  little  felspar  and  mica.     Detrital  minerals  in  about  the  usual  amount. 

John  Hall  &  Sons  (Dukinfield),  Ltd. 

Dukinfield,  Manchester. 
Description  of  rocks. 

11588.  'Ganister  '  on  top  of  Sweet  Seam  clay.  Fine-grained  dark-grey  sandstone, 
angular  grain  composed  mainly  of  quartz,  0"05  mm.  and  smaller.  Sfightlj-  micaceous, 
with  turbid  siMceous  cement. 

11589.  Silica-rock  under  Sweet  Seam  clay.  Fine-grained  buff,  slightly  calcareous 
eandstone.  Grains  moistly  quartz,  abou  0t>5  mm.  and  smaller,  with  some  mica  and 
a  good  deal  of  muddy  interstitial  matter.  The  rock  contains  spherules  and  strings  of 
partly  oxidised  sphaerosiderite. 

NORTH  LANCASHIRE. 
In  North  Lancaskire  the  Lower  Coal  Measures  or  Ganister  Beds 
contain  no  ganister  equal  to  that  of  the  Sheffield  district.  A 
poor-grade  ganister  or  siliceous  fireclay,  however,  usually  occurs 
at  the  bottom  of  the  fireclay  underneath  the  Lower  Mountain 
Mine^  ('  Ganister  Mine  ')  Coal.  Its  development  is  quite  sporadic 
and  its  silica  percentage  rarely  rises  at  high  as  85,  and  that  only 
over  very  small  areas.  It  seems  probable  that  the  ganister  is 
more  prevalent  in  the  east  of  the  county.  Its  chief  use  is  to 
increase  the  refractory  character  of  the  firebricks  made  in  the 
district.    It  might  be  suitable  for  ganister-compound. 

A  rock  that  might  prove  useful  as  an  ingredient  in  silica-brick 
or  ground  ganister  is  the  Warmden  Rock,  a  Lower  Coal  Measure 
sandstone  occurring  beneath  the  Upper  Mountain  Mine  Tireclay 
and  above  the  Inch  Mine  Coal.    It  is  quarried  from  time  to  time 

1  The  eqiiivalent  of  the  Halifax  Hard  or  '  Ganister  Coal  '  of  Yorkshire.  The 
extent  and  mode  of  occurrence  of  this  ganister  wiU  be  dealt  with  more  fully  in  the 
Report  on  '  Fireclays.' 
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in  the  Accrington  district.  The  silica  content  of  the  whitest 
samples  is  about  90  per  cent.,  with  6  per  cent,  of  alumina  and 
less  than  1  per  cent,  of  iron  oxide.  Its  average  thickness  is  14 
yards,  but  the  lower  8  or  9  yards  is  sometimes  replaced  by  dark 
shales. 

Geo.  Clarke  &  Sons. 

Norden  Fireclay  Works,  Rishton. 

with 

P.  W.  Pickup,  Ltd. 

Rishton  Colliery,  Rishton,  Blackburn. 

Description  of  rock. — 115S2.  Lower  Mountain  Mine  Canister.  Fine-grained,  moder- 
ately dark  grey  carbonaceous  and  micaceous  sandstone,  with  carboixaceous  streaks 
and  impressions  of  plants.  Composed  of  extremely  angular  quartz  grains,  mostly  about 
U()3  mm.,  but  reaching  O'l  in  some  cases,  flakes  of  white  mica  and  occasional  large 
grains  of  son  e  such  heavy  mineral  as  zircon  or  tourmaline,  in  a  muddy  matrix  com- 
posed of  finely-divided  quartz,  iron-ores,  micas  and  minute  grains  of  the  heavier 
minerals. 

CUMBERLAND. 

No  true  ganister  of  the  Sheffield  type  has  been  discovered  in 
the  Cumberland  Coalheld;  there  are,  however,  fairly  numerous 
cases  in  which  the  underclays  of  coal-seams  are  associated  with 
impure  ganisters,  which  rarely  contain  enough  silica  to  render 
them  fit  for  use  in  making  anything  more  refractory  than  ground 
ganister  or  siliceous  firebrick.  In  tbe  ganister  areas  of  Yorkshire 
such  rocks  would  probably  be  described  as  fireclays. 

The  ganisters  at  present  mined  occur  near  the  bottom  of  the 
Middle  Coal  Measures  in  association  with  coal-seams  underlying 
the  Clifton  Little  Main.  These  are  worked  chiefly  because  they 
can  be  extracted  profitably  with  the  fireclay.  Ganisters  of 
similar  type  that  have  been  worked,  or  might  be  worked,  occur 
also  at  higher  levels  in  the  sequence  in  different  parts  of  the  coal- 
field. 

In  the  coal  mines,  where  so  many  seams  are  now  worked  by  the 
longwall  method,  the  ganisters  usually  lie  out  of  reach  below  the 
floors  of  the  roads.  In  such  cases  the  justification  for  working 
a  ganister-bed  would  be  its  excellent  quality,  or  its  association 
with  a  first-class  fireclay. 

At  the  Seaton  Moor  Colliery,  for  example,  situated  i  mile 
E.S.E.  of  Flimby  Station,  ganister,  occurring  in  pockets  from 
2  ft.  6  in,  to  3  ft.  6  in.  in  thickness,  l>eneath  the  fireclay,  was 
formerly  mined  and  made  into  ground  ganister  for  lining  con- 
verters at  steel  works.  The  Fireclay  Band  is  still  worked;  it  lies 
about  25  fathoms  above  the  Ten  Quarters  Coal. 

Ganister  from  the  same  seam  was  formerly  got  with  fireclay 
at  St.  Helens  Colliery,  about  1  mile  S.W.  of' Flimby,  and  more 
recently  at  Moorhouse  Guards  Colliery,  little  over  i  mile  to  the 
south-east,  where  it  is  termed  tbe  Black  Metal  Band.  At  St. 
Helens  there  is  a  coal-seam  10  fathoms  lower  down,  with  2  ft. 
of  fireclay  on  8  ft.  of  ganister.  If  of  good  quality,  these  might 
be  worked  together  for  refractory  purposes.  The  Ten  Quarters 
Seam  occurs  at  a  further  depth  of  IG  fathoms. 
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At  Birkbj  Colliery  and  Brick  and  Tile  Works,  about  ^  mile 
S.  of  Crosby,  ganister-compound  is  now  made  from  a  felspathic 
sandstone  from  the  Coal  Measures  and  a  fireclay  underlying 
Birkby  No.   4  coal-seam.     The  sandstone   occurs  a   little  above 


Tig.  Q.—Map  of  the  Workington  and  Whitehaven  districts, 

Cumberland. 


CUMBERLAND. 
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Birkby  No.  1  coal  and  crops  out  in  the  south  bank  of  the  River 
Ellen. 

A  rock  mined  in  the  Coal  Measures  at  Bianthwaite  Colliery 
for  making  ground  ganister  overlies  a  coal-seam,  and  must  be 
classed  as  a  siliceous  sandstone  rather  than  a  ganister. 

The  Millstone  Grit  has  been  quarried  at  Barfs  Quarry,  High 
Harrington,  for  use  as  an  ingredient  in  ground  ganisler  and 
firebrick. 

Barfs  Silica  Stone  Co.,  Ltd. 

High  Harrington,  Cumberland. 

Barfs  Quarry. 

Quarry :  Situated  a  little  over  \  mile  S.  of  High  Harrington, 
on  S.IV.  side  of  Cleator  and  "Workington  Kaihva}-. 

Maps:  One-inch  New  Ser.  Ordnance  28;  Old  Ser.  Geological 
101  S.W. ;  six-inch  Cumberland  61  N.E. 

Latitude  54°  36'  25".    Longitude  3°  32'  40". 

Geological  age :  Millstone  Grit. 

The  exposures  from  east  to  west  consist  of  a  large  quarry  (a), 
a  large  abandoned  quarry  (6),  and  a  small  new  quarry  (c). 

(a).  In  the  south-west  face  of  this  pit  about  35  ft.  of  rock,  all 
of  which  is  worked,  occurs  beneath  a  shallow  cover  of  drilt  up 
to  3-4  ft.  in  thickness.  It  is  a  rather  coarse  yellowish-white 
felspathic  and  slightly  micaceous  grit,  with  massive  bedding, 
dipping  10°  N.E.  A  well-marked  false-bedding  crosses  the  larger 
planes  at  higher  angles  in  the  same  direction. 

(6).  Tiie  rock  in  this  quarry  underlies  that  in  the  first,  and  is 
similar,  but  seems  to  contain  more  iron.  It  is  said  to  be  too  hard 
to  work  profitably. 

(c).  A  short  cutting,  passing  through  a  strike-fault,  has  been 
made  from  the  second  quaiTy  into  the  third,  in  which  the  beds 
exposed  in  ascending  order,  at  the  north-end,  are  as  follows:  — 

Ft. 
Dark  shales  ...         ...         ...         ...         ...         ...         ...  5 

Sandstones  ...  ...         ...  ...  ...         ...         ...  8 

Mixed  shales  and  sandstones      ...  ...  ...         ...         ...  15 

Sandstone,  over    ...         ...         ...         ...         ...  ...         ...  8 

The  sandstones  are  thin-bedded  and  lenticular,  whilst  the 
shales  are  bluish-black,  with  white  mica.  A  thin  seam  of  coal  has 
also  been  detected.  The  dip  in  the  shales  close  to  the  fault  is 
60°-70°  towards  the  west,  the  same  inclination  as  the  fault,  but 
the  angle  decreases  to  about  10°  in  the  highest  beds. 

In  the  main  quarry  the  grit  is  extracted  by  hand-drill  and 
blasting.  Tiie  shales  are  dug  with  the  pick;  in  the  future  they 
may  be  worked  from  a  '  day-eye.'     Water  gives  little  trouble. 

Reserves:  Reserves  of  grit  are  large  in  the  direction  of  the 
strike. 

Products :  Both  wet  and  dry  ganister-compound,  for  Bessemer 
steel  works,  is  made  from  a  mixture  of  the  grit  with  shale  and 
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fireclay  from  Wythemoor  Colliery.  The  grit  is  also  crushed  into 
sand  or  broken  up  to  be  supplied  as  raw  stone.  These,  and 
fireclay  goods,  made  chiefly  of  Wythemoor  fireclay  and  varying 
proportions  of  the  shales,  are  supplied  to  most  of  the  iron  and 
steel  works  in  the  district. 

Transport :  The  products  are  loaded  in  trucks  at  the  mills, 
which  are  situated  on  the  south-west  side  of  the  Cleator  and 
Workington  Railway. 

Branthwaite  Colliery  Co. 

Branthwaite,  via  Cockermouth. 

Branthwaite  Mine  and  Works. 

Mine:  Situated  about  150  yards  N.W.  of  Branthwaite 
Station. 

Maps :  One-inch  New  Ser.  Ordnance  28 ;  Old  Ser.  Geological 
201  S.W.;  six-inch  Cumberland  62  N.W. 

Latitude  54°  36'  50".     Longitude  3°  27'  30". 

Geological  age :  Middle  Coal  Measures. 

The  beds  worked  here  crop  out  from  beneath  glacial  deposits 
near  the  west  bank  of  the  River  Marron,  and  the  mine  is 
approached  by  a  drift  or  '  day-eye  '  running  in  a  W.N.W.  direc- 
tion for  a  distance  of  from  200  to  250  yards,  and  terminating 
about  50  ft.  north  of  an  old  bore-hole  (No.  3). 

For  two-thirds  of  this  distance  the  beds  dip  gently  N.W.,  and 
for  the  remaining  one-third  rise  gently  in  the  same  direction. 
At  its  deepest  the  drift  is  70  ft.  from  the  surface  of  the  ground. 

An  average  section  of  the  seam  mined  is  as  follows  :  — 

Ft.  In 
'  Ganister  '  [Sandstone],  lower  part  only,  about       ...         ...  7    0 

Coal,  sometimes  with  metal  above        ...         ...         ...         ...  1     9 

Fireclay,  good  quality 3    0 

Fireclay,  seconds,  hard  and  ganiater-like      ? 

In  the  above-mentioned  bcring  an  impersistent  coal-parting 
was  detected  near  the  bottom  of  the  '  ganister,'  which  is  said  to 
be  20  ft.  in  thickness. 

A  large  N.W.— S.E.  fault  throws  the  Coal  Measures  against 
Millstone  Grit  a  short  distance  east  of  the  mine;  whilst  in  the 
mine  itself  three  smaller  faults,  with  the  same  direction,  have 
been  proved.  From  E.  to  W.  they  are:  (1)  10  ft.  down  N.E.; 
(2)  30  ft.  down  S.W. ;  (3)  33  ft.  down  S.W. 

The  rock  is  a  whitish  felspathic  sandstone  of  medium-fine 
grain,  with  white  mica  and  coaly  fragments. 

^Description  of  rock. — 11604.  Medium  to  fine-grained  palest-grey  to  white,  kaolinitio 
and  micaceous  sandstone.  Somewhat  soft  and  friable.  Quartz-grains  O'l  to  0"2  mm. 
Undecomposed  plagioclase  felspar  is  moderately  abundant.  The  cement  is  partly 
argillaceous  and  kaolinitio,  but  partly  calcareous  and  dolomite.  The  carbonates 
enclose  the  quartz  grains  in  an  ophitic  manner. 

The  mine  is  worked  pillar-and-stall.  Faults  discovered  to  date 
give  little  trouble,  and  water  is  got  rid  of  by  a  pump  driven  by 
water-power  developed  at  the  mills. 


CUMBERLAND. 


93 


Reserves :  At  present  the  mine  covers  about  10  acres,  and  the 
resei-ves — proved  by  neighbouring  borings — are  ample,  but  any 
new  faults  discovered  might  give  trouble. 

Products:  Wet  and  dry  ground  ganister  is  the  chief  output, 
and  is  made  from  mixtures  of  the  ganister  and  lireclay  which 
are  carted,  in  the  raw  state,  some  150  yards  to  the  works.  Power 
is  derived  from  a  water-wheel. 

Markets:  The  chief  consumers  of  ganister  are  firms  in  the 
Workington  Steel  and  Iron  Combination.  Eaw  clay  has  been 
supplied  to  Cleator,  Millom,  Distington  and  Carnfoi-th  Ironworks, 
and  to  the  Barfs  Silica  Stone  Company,  High  Harrington. 

Transport:  Products  are  loaded  in  trucks  at  Branthwaite 
Station  (close  to  tlie  mills),  on  the  Whitehaven,  Cleator  Moor 
and  Egremont  Railway. 

Camerton  Colliery  &  Brick  Co. 
Workington. 

Mines :  (1)  Wood  Drift,  situated  a  little  north  of  the  Brick- 
works, which  are  a  few  hundred  yards  X.E.  of  Camerton  Station 
(Cockermouth  and  Workington  Line). 

t(2)  River  Drift,  situated  on  nortff  bank  of  R.  Derwent,  about 
one-sixth  of  a  mile  east  of  the  Brickworks. 

Maps':  One-inch  New  Ser.  Ordnance  22;  Old  Ser.  Geological 
101  N.W.;  six-inch  Cumberland  54  N.W. 

Latitude  54°  39'  45".     Longitude  3°  29'  20". 

Geological  age  :  Middle  Coal  Measures. 

In  this  mine  from  8  to  12  in.  of  ganister  occurs  beneath  a  seam 
of  fireclay  averaging  14  in.  in  thickness,  which  forms  the  under- 
clay  of  the  Fireclay  Coal,  the  latter  being  situated  8|  fathoms 
below  the  Clifton  Little  Main,  and  4^  fathoms  above  the  Lick- 
bank  seam.  The  mine  is  worked  chiefly  for  fireclay.  In  places 
where  the  coal  is  nipped  out  the  ganister  is  either  nipped  out  too, 
or  swells  into  a  thick  mass  of  useless  conglomeratic  rock. 

Normally  the  rock  is  light-grey  in  tint,  with  rootlets  and  car- 
bonaceous remains,  and  grinds  quite  white.  It  is  mined  from 
the  drifts  in  longwall  workings  concurrently  with  the  fireclay.  At 
the  works  it  is  ground  and  mixed  with  a  similar  amount  of  fire- 
clay and  sold  as  ganister-compound.  It  has  not  been  used  for 
silica-brick. 

Description  of  rock. — 11603.  Fine-grained  pale  -  grey  laminated  carbonaceous  and 
micaceous  aandstono.  Soft  and  friable.  Composed  of  angular  quartz-grains,  mostly 
under  0 1  mm.,  and  ragged  flakes  of  white  mica,  in  an  argillaceous  and  carbonaceous 
matrix.     The  heavy  detiital  minerals  are  moderately  abundant. 

Reserves :  Reserves  are  large,  since  only  about  one-sixth  of  the 
property  has  been  worked. 

Markets :  The  more  important  steel  and  iron  works  in  Cumber- 
land, Furness  and  Lancashire. 

Transport :  Railway  sidings  lead  to  the  Cockermouth  and 
Workington  Railway. 
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GiLLiiEAD  Coal,  Firebrick  &  Ganister  Co.,  Ltd. 
riimby,  Maryport. 
Gillhead  Mine. 

Mine :  Situated  1  mile  soutli-east  of  Elimby. 

Maps :  One-inch  New  Ser.  Ordnance  22 ;  Old  Ser.  Geological 
101  N.W.;  six-inch  Cumberland  44  S.E. 

Latitude  54°  40'  40".     Longitude  3°  3^0'  0". 

Geological  age :  Middle  Coal  Measures. 

From  2  to  3  ft.  of  ganister  occurs  beneath  some  4  ft.  of  fire- 
clay underlying  the  Little  Main  or  Ganister  Coal,  which  is 
apparently  the  same  as  the  Fireclay  seam  of  Camerton  Colliery. 
The  mine  is  worked  chiefly  for  the  fireclay.  The  ganister  is  fairly 
constant,  and  is  best  where  the  seam  is  at  shallowest  depth  from 
the  surface.  Occasionally  it  is  associated  with  a  small  quantity 
of  rather  pale  fireclay  of  good  quality. 

It  is  a  hard  white  fine-grained  irock  with  dark  carbonaceous 
streaks  and  rootlets,  and  does  not  break  down  on  weathering. 

It  is  mined  from  a  shaft  concurrently  with  the  fireclay  by  the 
23illar-and-stall  method.  At  the  works  it  is  ground  and  mixed 
with  fireclay  in  the  j)roportion  of  about  3  to  1,  and  sold  as  ground 
ganister. 

Reserves :  Reserves  in  the  property  are  small  (1916) ;  there  is, 
however,  said  to  be  over  40  acres  in  a  contiguous  area  that  might 
be  worked  from  this  shaft. 

Products :  Firebrick,  furnace  blocks  and  ground  ganister. 
The  ganister  has  not  been  used  as  an  ingredient  in  silica-brick, 
but  bricks  consisting  of  half  ganister  and  half  fireclay  have  been 
made  from  time  to  time. 

Market :  Iron  and  Steel  Works  in  Cumberland,  Furness  and 
Lancashire.  From  60  to  80  tons  a  month  of  ground  ganister  is 
supplied  to  the  Workington  Combination. 

Transport :  The  ganister  is  carted  to  Flimby  and  Seaton 
Stations,  Whitehaven  and  Carlisle  Railway,  from  1  to  2  miles 
distant. 
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CHAPTER    VII. 

SILICA-HOCK  AND  GXyiSTER—{co7itiuued). 

SHROPSHIRE,    SOUTH   STAFFORDSHIRE   AND    NORTH 
WORCESTERSHIRE,    WARWICKSHIRE,    GLOUCESTER- 
SHIRE AND  BUCKINGHAMSHIRE. 

SHROPSHIRE. 

Siliceous  rocks  for  refractory  purposes  include  the  quartzite 
of  Granliam's  Moor  and  Nills  Hill,  still  employed  as  a  road-metal, 
but  tending  to  come  into  more  extended  use  as  a  silica-rock,  and 
the  Ketley  Sandstone,  quarried  in  the  neighbourhood  of  Prior's 
Lee. 

The  quartzite  worked  at  Nills  HilP  and  Granham's  Moor,  near 
Habberley,  forms  a  ridge  called  the  Sti])er  Stones,  which  extends  a 
distance  of  10  miles  from  Snead,  near  Bishop's  Castle,  to  Pontes- 
bury.  This  quartzite  lies  at  the  base  of  the  Arenig  Series  of  the 
Ordovician  rocks  of  Shropshire.  The  top  beds  are  thin-bedded ; 
the  underlying  quartzite  breaks  into  blocks  about  4  ft.  thick, 
while  the  base  consists  of  pebbly  conglomerate  with  laminae  of 
greenish  sliale.  The  rock  exhibits  a  passage  from  quartzite  and 
granular  quartz-rock  into  quartzose  grit  and  sandstone  with  a 
regular  bedding.  In  its  most  crystalline  form  it  is  intersected 
by  numerous  veins  of  vitreous  quartz.  The  beds  dip  W.N.W. 
at  60°  to  70°,  and  strike  15°  to  20°  east  of  north.  They  are  much 
divided  by  joints. 

The  Ketley  rock  is  a  sandstone  near  the  base  of  the  Coal 
Measures  in  the  neiglibourhood  of  Prior's  Lee,  Coalmoor  and 
Dawley,  between  Wellington  and  Ironbridge.  There  are  several 
l>eds  of  sandstone,  some  of  which  have  been  quarried  for  building- 
stone,  while  others,  above  the  Little  Flint  Coal,  were  found  espe- 
cially suitable  for  the  construction  of  furnace-hearths.  They  were 
mentioned  by  .7ohn  Rnndall-  in  1879  as  being  then  used  for  this 
purpose,  and  it  is  said  that  silica-bricks  were  formerly  niiidp  of 
this  matftrial  at  Ladywood,  near  Jackfield. 

'I'liK  Lm,i,i:si[at;l  Co..  Ltd. 

Prior's  Lee  Hall. 

Redlake    Quarry. 

Works  :  The  brickworks  are  situated  beside  the  main  road  from 
Wolverliam])ton  to  Wellington,  and  about  two-thirds  of  a  mile 
south-east  of  Oakengates  Station. 

Quarry:  Redlake  Quarry,  Ketley. 


1  Murchison,  R.  I.,  'The  Silurian  Sj'stom,'  1839,  pp.  283-286. 
8  '  Brosclcy  and  its  Surroundings,'  Madcley,  1879. 
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Maps:  One-inch  New  Ser.  Ordnance  153;  Old  Ser.  Geological 
61  N.E.;  six-inch  Shropshire  43  N.E. 

Latitude  52°  40'  32".     Longitude  2°  26'  36". 

Geological  age :  Middle  Coal  Measures  (Xetley  Sandstone). 

The  stone  is  a  sandstone  occasionally  conglomeratic  with  pebbles 
of  quartz  in  a  fine-grained  siliceous  matrix,  and  is  said  to  be 
associated  with  the  Fungous  Coal. 

The  rock  is  identical  with  that  at  Dawley  Quarry  and  near 
Woodlands  Farm,  and  also  with  that  seen  in  the  road-cutting  at 
Stoney  Hill,  above  Coalbrookdale  (1  in.  map  New  Ser.  152). 

Description  of  rock. — 11784.  Moderately  fine-giained  -pale  buff  incoherent  sand- 
stone. Can  be  reduced  to  powder  between  the  fingers.  The  grains  are  aub- 
rounded,  average  0'2  to  0'3  ram.,  and  consist  mainly  of  quartz  with  a  subordinate 
amount  of  felsitic  material.  The  grains  are  externally  stained  or  coated  with 
fermginotis  and  other  impurity. 

So  far  only  experimental  silica-bricks  have  been  made,  the 
results  being  satisfactory;  further  trials  are  necessary  before  the 
output  becomes  regular. 

Reserves :  Abundant. 

Products :  Silica-rock  ground  at  works  for  own  use.  The  Ketley 
rock  is  also  ground  for  sand  employed  in  the  firm's  re-heating 
furnaces. 

Transport :  Nearest  station,  Oakengates,  G.  W.  Railway. 

Gkanham's  Moor  Quarry  Co.,  Ltd. 
8,  Church  Street,  Shrewsbury. 
Granham's  Wood  Quarry. 
Quarry:  Situated  about  ^  mile  west  of  Habberley  Church. 

Maps:  One-inch  New  Ser.  Ordnance  152;  Old  Ser.  Geological 
61  N.W.;  six-inch  Shropshire  40  S.W.  and  48  N.W. 
Latitude  52°  37'  33".     Longitude  2°  54'  10". 

Geological  age  :  Ordovician.     Stiperstones  Quartzite. 

It  is  thin-bedded  quartzite  of  different  degrees  of  coarseness  up 

to  pebbly  conglomerate.   The  dip  is  W.  20°  N.  at  70°.   The  quarry 

face  is  50-55  ft.  high ;  there  is  no  waste  but  a  little  overburden. 

The  water-level  is  not  reached. 

Description  of  rock. — E.  4942.  Light-grey  siliceous  ^rit  of  moderately  coarse 
grain  and  with  occasional  pebbles  of  white  vein-quartz.  The  rock  is  irregularly 
streaked  by  dark  grey  carbonaceous  films.  It  is  composed  for  the  most  part  of 
somewhat  loosely  packed  subans^lar  grains  of  quartz,  with  a  fair  number  of  frag- 
ments of  micro-felsitic  rocks  and  a  few  of  micro-pegmatite.  The  cement  ia  mainly 
secondary  quartz  with  a  subordinate  amount  of  chalcedony.  The  size  of  the  grains 
is  by  no  means  constant,  all  gradations  being  present  from  minute  fragmpnts  to 
moderately  large  pebbles.  The  average  grain  is  about  0*3  to  0"4  mm.  in  diameter. 
There  appears  to  be  no  appreciable  amount  of  either  felspar  or  mica. 

Reserves:  Are  ample. 

Products :  Crushed  silica-stone  in  several  grades,  also  *  silica- 
flour  '  for  refractory  and  other  purposes.     Road-metal. 

Markets :  SheflGield,  Liverpool,  Leeds,  Stourbridge,  etc. 

Transport :  From  the  works  by  inclined  tramway  to  the  Snail- 
beach  District  Railway. 
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Executors  of  the  late  John  Parson  Smith. 

Bank  Chambers,  Market  Street,  Shrewsbury. 

Nills  Hill  Quarry. 

Quarry :  Nills  Hill,  Pontesbury,  about  two-thirds  of  a  mile 
south  of  Pontesbury  Church.     (iNot  working  in  1916.) 

Mays:  One-inch  JNew  Ser.  Ordnance  152;  Old  Ser.  Geological 
Gl  N.W.;  six-inch  Shropshire  40  S.E.  and  S.W. 

Latitude  52°  38'  32".     Longitude  2°  53'  36". 

Geological  age  :  Ordovician.     Stiperstones  Quartzite. 

The  rock  is  a  thin-bedded  grey  quartzite,  the  joints  stained 
yellow.  The  bedding-planes  are  undulating  and  puckered.  The 
general  dip  is  W.  10  N.  at  70°.  Along  the  strike  there  is  a 
thickness  of  about  150  ft.  of  rock  exposed.  There  is  no  waste 
ur  overburden  and  water-level  is  not  reached.  The  working  face 
of  the  quarry  is  50-60  ft.  high. 

Products :  Hitherto  the  rock  has  been  used  for  roadstone,  but 
it  is  suitable  for  ganister  mixture  and  hearth-sands.  Railway, 
Minsterley  Branch,   Pontesbury  Station. 

Atcham  Rural  District  Council. 

24,  St.  John's  Hill;  Shrewsbury. 
Nills  Hill  Quarry  {Mrs.  Latter's  Quarry). 

Quarry :  Nills  Hill,  Pontesbury  Hill,  beside  a  cross  road  nearly 
a  mile  south  of  Pontesbury  Church. 

Maps:  One-inch  New  Ser.  Ordnance  152;  Old  Ser.  Geological 
61  N.W.  ;   six-inch  Shropshire  40  S.W. 

Latitude  52°  38'  25".     Longitude  2°  53'  40". 

Geological  age :  Ordovician.  Stiperstones  Quartzite.  The  rock 
is  the  same  as  that  in  Smith's  quarry  (above). 

As  exposed  along  the  strike  the  rocks  have  a  thickness  of  150- 
200  ft.  There  is  no  overburden,  but  a  little  waste  from  clay 
partings  in  the  quartzite.  Water-level  is  not  reached.  The  quarry 
has  a  working  face  70  ft.  high. 

Description  of  rocks. 

11612.  Pftle  greeiush-grey  fine-grained  well-silicified  quartzite.  Composed  of 
angular  to  sub-angular  grains  of  quartz,  felsite,  and  decomposed  felspar  in  a  clear 
matrix  of  secondary  sihca.  Pure  quartz  makes  up  only  about  60  to  65  per  cent,  of 
the  grains,  which  average  about  0*2  mm.  (The  percentage  of  alkalies  should  be 
relatively  high). 

11613.  Pale  grey  conglomeratic  quartzite.  Pebbles  range  up  to  0'75  cm.  and 
consist  largely  of  voiu-quartz.  Other  pebbles  are  of  felsite.  The  matrix  is  composed 
of  smaller  quartz  and  felsite  grains  with  some  fresh  plagioclase  felspar.  The  grains 
are  angular  and  average  about  0"15  mm.  The  cement  is  partly  siliceous  and  partly 
argillaceous.  There  has  been  some  secondary  enlargement  of  the  quartz-grains,  but 
there  is  a  good  deal  of  secondary  mica  developed  interstitially. 

Reserves :  xVlong  the  strike  are  ample;  the  property  extends  60 
yards  back  from  the  working  face  of  the  quarry.  Large  reserves 
also  in  tips. 

Products :  The  stone  is  at  present  used  for  road-metal,  but  it 
might  be  employed  as  a  silica-rock. 

Transport :  Road-motors  and  carts.  Railway,  Minsterley 
Branch,  Pontesbury  Station, 
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SOUTH   STAFFORDSHIRE   AND   NORTH  WORCESTERSHIBJi]. 

In  this  district  the  chief  sources  of  siliceous  refractory 
materials  (except  tor  use  as  mouldiug-sauds)  occur  iu  the  Coal 
Measures.  The  Gorual  Stoue,  a  sandstone  that  lies  at  or  close 
above  the  base  of  that  formation  at  Upper  Gornal,  near  Dudley, 
is  used  for  ground  ganister  and  as  a  siliceous  ingredient  in  the 
composition  of  certain  firebrick  goods.  For  the  latter  purpose 
one  or  two  of  the  thin  siliceous  bands  associated  with  the  fire- 
clays themselves  have  also  been  turned  to  account ;  but  the  sup- 
plies of  these  are  local  and  limited.  To  a  small  extent  some 
sands  from  the  Bunter  formation  and  from  the  Glacial  drifts 
have  been  used  for  this  purpose.  Of  these  there  are  large  sup- 
plies in  the  vicinity. 

Another  source  of  refractory  material  is  the  Lickey  Quartzite, 
of  Cambrian  age,  which  forms  the  core  of  the  Lickey  Hills, 
4  miles  north-east  of  Bromsgrove.  The  outcrop  of  the  quartzite 
extends  from  E-ubery  nearly  to  Barnt  Green,  a  distance  of  2j 
miles,  and  varies  iu  width  from  200  to  400  yards.  The  rock, 
which  is  a  hard  grey  quartzite,  locally  red-stained,  has  loug  been 
extensively  quarried  for  roadstone  on  the  sides  of  Hubery,  Rednal, 
Bilberry  and  Coston  Hills.  Some  of  the  quartzite  has  been  sup- 
plied to  makers  of  firebricks  in  the  neighbourhood  of  Stourbridge 
for  use  as  a  siliceous  ingredient  in  special  refractory  goods.  It 
remains  to  be  proved  whether  the  stone  can  be  used  in  the  manu- 
facture of  silica-bricks  and  furnace-hearth  sands. 

Mr.  David  Hyde. 

Pale  Street,  Upper  Gonial,  near  Dudley. 
Cricket  Meadow  and  Hollo  way  Quarries. 

Quarries :  Cricket  Meadow  Quarry,  Upper  Gornal,  situated 
about  ^  mile  south-east  of  Ellawes  Hall. 

Hjolloway  Quarry,  about  400  yards  west  of  the  above  and 
ardjacent  to  Ellowes  Hall  Lodge. 

Maps :  One-inch  New  Ser.  Ordnance  167 ;  Old  Ser.  Geological 
62  S.W;.  six-inch  Staifs.  67  S.E. 

Cricket  Meadow  Quarrv :    Latitude  52°  31'   30".      Longitude 

2°  r  5". 

Geological  age :  Middle  Coal  Measures. 

The  rock  is   a   sandstone   near  the   base  of   the    Middle   Coal 
Measures,  and  is  known  locally  as  '  Gornal  Stone.' 
The  quarry  shows  the  following  section  :  — 

Ft.  In. 
Overburden  of  sandstone  rubble,  about  ...         ...         ...  6    0 

Sandstone,  light-yellow,  thick- bedded 18-20     0 

'  Ganister '  :     a    grey    thin-bedded    soft    clayej''    sandstone, 

seen  to    ...         ...         ...  ...         ...         ...         ...         ...  3     0 

The  sandstone  shows  some  tendency  to  lenticular  bedding,  Init 
is  otherwise  uniform  in  character  and  devoid  of  partings. 
Though  light-yellow  when  damp,  it  dries  almost  white.  The 
lowest  beds  are  harder  than  the  upper  beds. 
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The  ruck  is  cut  by  two  sets  of  joints  parallel  to  the  dip  and  to 
the  stiike  respectively.  The  dip  is  S.  15°  E.  at  about  10°.  The 
rock  is  quarried  iu  several  lifts,  and  steam  drills  and  explosives 
are  employed .  A  little  pumping  is  necessary  to  dispose  of  water 
in  the  wet  season. 

Description  of  rockn. 

11571.  Friable,  pale-bu£F,  moderately-coarse-grained  sand-stone,  white-speckled. 
This  rock  is  too  friable  to  make  a  section  of,  so  it  had  to  be  examined  in  the  state  of 
powder.  It  consists  essentially  of  sub-rounded  quartz-grains  about  0*2  to  U'.j  mm., 
with  somo  .similarly  sized  grains  of  chert  and  decomposed  felspar  (presumably  the  white 
spjcks  Visible  in  the  hand-specimen).  What  cementing  material  there  is  is  probably 
of  a  muddy  nature  and  largely  composed  of  sericitic  and  kaolinitic  material.  Iron 
compounds  are  not  particularly  abundant  and  seem  to  be  more  or  less  regiilarly 
distributed. 

11.572.  Another  sample.  Palest-grey  white-speckled  sand:-tone.  Similar  to  the 
above  in  all  respects,  except  that  it  is  a  little  coarser  in  grain  and  paler  in  colour. 

Reserves :  Ample. 

Products :  The  quarry  yields  several  products.  The  over- 
burden i.s  ground  under  edge-runners  and  sold  to  some  of  the 
firebrick  makers. 

The  sandstone  itself  is  similarly  ground  for  the  production  of 
'  cupola-sand  '  of  two  grades.  Eine  sand  is  sold  as  *  best  white 
sand  '  lor  use  in  gas-works.  A  small  quantitv  of  ground  sand- 
stone is  sold  for  'scouring  sand,'  which  is  hawked  about  the 
neighbourhood.  Large  blocks  of  the  stone  are  dressed  for  use  in 
the  construction  of  furnace-hearths. 

The  so-called  ganister  is  ground  for  wall-plastering,  and  some 
of  it  has  been  used  as  ground  ganister  in  the  lining  of  blast- 
furnaces. 

At  the  HoUoway  Quarry  the  section  is  similar  but  shallower. 
The  sandstone  is  somewhat  yellower,  and  the  'ganister,'  being 
inferior  in  quality,  is  not  worked. 

Markets:  Iron  and  steel  works,  gas-works,  firebrick  works,  etc., 
in  the  South  Staft'ordshire  and  North  Worcestershire  districts. 
Some  stone  has  been  exported  to  France  for  cupola-furnaces. 

Transport :  The  various  products  of  the  two  quarries  are  carted 
by  road  to  rail  and  canal  (both  being  several  miles  distant),  or 
fetched  by  customers  in  their  own  vehicles. 

Adjacent  quarries  in  the  same  sandstone  are,  or  have  been  till 
recently,  worked  for  similar  pur])oses  by  Messrs.  Jethro  Chambers, 
Harper,  and  AVaterfield. 

Birmingham  Corporation. 

Public  Works  Department ;  H.  E.  Stilgoe,  City  Engineer  and  .Surveyor, 
Council  House,  Birmingham. 

Ruhery  Hill  Quarry. 

Quarry:  On  western  sido  of  Rubery  Hill,  and  about  500  yards 
south  of  the  Cock  Inn. 

xMa/)s :  One-inch  New  Ser.  Ordnance  183;  Old  Ser.   Geological 
54  N.W. ;  six-inch  Worcestershire  10  S.W. 
Latitude  52°  23'  47".     Longitude  2°  0'  54". 
Geological  age:  Cambrian,  Lickey  Quartzite. 
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The  beds  dip  W.  10^  S.  at  20°.  The  rock  is  a  greenish-white 
quartzite,  stained  red  on  joints,  thin-bedded,  and  with  some  thin 
seams  of  sandy  shale.  The  working-face  of  the  quarry  is  from 
40  to  50  ft.  high. 

^Description  of  rock. — 11573.  Rubery  HiU  Quarry.  Palest-grey  compact  qaart2dte. 
locally  red-stained,  and  with  moderately  abundant  small  white  specks  of  kaoUn, 
Composed  mainly  of  very  angular  quartz-grains  ranging  up  to  0*6  mm.,  but  with  a 
fair  proportion  of  chert  and  &ie-grained  quartzite  fragments.  Cement  siliceoxis.  No 
fresh  felspar,  but  kaolinitic  and  sericitic  matter  is  moderately  abundant. 

Reserves:  Large:  a  large  part  of  Rubery  Hill.  At  present 
the  rock  is  quarried  for  roadstone  only. 

The  Birmingham  Corporation  work  for  roadstone  another 
quarry  on  the  northern  side  of  the  Birmingham  and  Bromsgrove 
Road  at  Rednal ;  but  the  quartzite  there  is  much  shattered  and 
yields  mainly  '  fine  gravel.' 

Mr.  Thomas  Lander. 

Rubery,  Birmingham. 
Leach  Heath  Quarries. 

Quarries :  (1),  Opposite  the  junction  of  Cock  Hill  Lane  with 
the  Bromsgrove  and  Birmingham  road  at  Rubery.  (2),  about 
150  yards  south  of  (1). 

Maps :  One-inch  New  Ser.  Ordnance  183 ;  Old  Ser.  Geological 
54  N.W.;  six-inch  Worcestershire  10  S.W. 

(1).     Latitude  52°  23'  42".     Longitude  2°  0'  40". 

(2).     Latitude  52°  23'  37".     Longitude  2°  0'  40". 

Geological  age :  Cambrian,  Lickey  Quartzite. 

At  Quarry  No.  1  the  Lickey  Quartzite  dips  E.  15°  N.  at  15°, 
and  at  the  north-eastern  corner  of  the  working  (opposite  the  Con- 
gregational Chapel)  is  overlain  by  the  basal  conglomerate  and 
sandstone  of  the  Upper  Llandovery  (Silurian). 

Both  rocks  are  used  for  roadstone. 

At  Quarry  No.  2  the  quartzite  alone  is  exposed.  The  working- 
face  is  about  35  ft.  high,  and  the  dip  is  east  at  10°.  There  are 
main  joints  running  north  and  south  along  the  face.  From  this 
quarry  some  of  the  Stourbridge  firebrick-makers  have  been  sup- 
plied with  quartzite,  in  lumps  about  6  in.  across,  and  also  in  the 
form  of  '  fine  gravel,'  i.e.,  stone  crushed  and  screened  to  the  size 
of  peas. 

Another  quarry  worked  by  Mr.  Lander  on  the  western  side  of 
Rubery  Hill  and  about  100  yards  south  of  the  Birmingham  Cor- 
poration quarry  described  above  was  idle  in  July,  1916. 

CuRRALL,  Lewis  &  Martin,  Ltd. 

Ickiiield  Port  Road,  Birmingham. 
Hillfield  Quarry. 

Quarry :  At  northern  end  of  Rednal  Hill.  The  quarry  is 
situated  on  the  western  side  of  Leach  Heath  Lane,  and  about 
half-way  between  Rubery  and  Rednal. 
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Maps:  One-inch  New  Ser.  Ordnance  183;  Old  Ser.  Geological 
54  N.W. ;  six-inch  Worcestershire  10  S.W. 
Latitude  52°  23'  24".     Longitude  2°  0'  32". 

Geological  age:  Cambrian,  Lickey  Quartzite. 

The  quarry  has  been  opened  on  the  crest  of  a  small  anticline, 
which  pitches  N.  20°  W.  The  beds  being  quarried  dip  E.  20°  N. 
at  about  40°. 

The  rock  is  worked  for  roadstone,  but  some  has  been  supplied 
to  a  firm  of  metal-founders  at  Smethwick  for  use  as  ground 
ganister  in  reverberatory  furnaces. 

Mr.  Thomas  Evans. 

Rednal,  near  Birmingham. 

(1).  Lichey  Quarry.     (2).  Co f ton  Quarry. 

Quarries :  (1),  Lickey  Quarry :  on  western  side  of  Bilberry 
Hill,  and  \  mile  N.E.  of  Holy  Trinity  Church.  (2),  Cofton 
Quarry  :  on  eastern  side  of  Bilberry  Hill,  and  TOO  yards  N.N.W. 
of  Kendal  End. 

Maps:  One-inch  New  Ser.  Ordnance  183;  Old  Ser.  Geological 
54  N.W. ;  six-inch  Worcestershire  16  N.W. 

(1).  Latitude  52°  22'  35".     Longitude  2°  0'  10". 

(2).  Latitude  52°  22'  33".     Longitude  1°  59'  54". 

Geological  age:  Cambrian,  Lickey  Quartzite. 

(1).  At  the  Lickey  Quarry  the  rock  consists  of  rather  shattered 
quartzite  with  partings  of  micaceous  green  shale.  The  beds  dip 
W. S.W.  at  55°-60°. 

The  quarry  is  worked  for  roadstone  and  '  gravel.' 

(2).  The  Cofton  Quarry  has  been  opened  on  the  crest  of  a  small 
anticline  with  a  northerly  pitch.  There  are  signs  of  sharp  fold- 
ing or  overthrusting  along  its  western  side.  The  quartzite  is 
largely  purple-stained  and  shattered,  and  contains  seams  of  mica- 
ceous shaly  sandstone  and  beds  of  coarse  purple  grit. 

The  quarry  is  worked  for  roadstone  and  '  gravel,'  and  it  is 
doubtful  if  the  rock  exposed  would  be  suitable  for  refractory  pur- 
poses. 

In  addition  to  the  quarries  described  above,  there  are  several 
others,  disused  or  idle.  In  all  cases  the  materials  are  conveyed 
by  carts  or  road-motors.  The  nearest  railway  stations  are  Rubery 
(Midland  Railway),  at  the  northern  end  of  the  outcrop,  and 
Barnt  Green  (Midland  Railway),  at  the  southern  end.  These 
stations  are  3  miles  part. 

There  are  large  natural  reserves  of  material  suitable  for  road- 
stone, but  until  the  samples  are  analysed  and  tested  it  is  uncer- 
tain whether  any  of  the  stone  is  likely  to  be  of  use  for  such  pro- 
ducts as  furnace-sands  and  silica-bricks. 

Siliceous  Bricks  in  the  STouRBRrDCE  District. 
Siliceous  firebricks  are  made  by  several  firms  in  this  district, 
and  one  or  two  firms  make  a  silica-brick  for  setting  gas-retorts. 
The  silica-rock  is  in  most  cases  brought  from  North  Wales,  or 
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South  Wales,  and  altliougli  some  lime-bond  bricks  are  made, 
other  bricks  contain  a  certain  amount  of  the  local  clay  as  a  bond. 
Bricks  of  this  latter  class  are  also  made  from  the  Bottom  Kock, 
an  incoherent  grit  underlying  the  Bottom  Heathen  Coal,  and  from 
a  siliceous  portion  of  the  Old  Mine  Clay,  called  by  the  miners 
the  '  Blazer.' 

The  following  firms  make  siliceous  bricks :  — 
B.  Gibbons,  Junr.,  Ltd., 

Dibdale  Works,  Lower  Gornal,  Dudley. 
John  Hall  &  Co., 

Amblecote,  Stourbridge, 
George  K.  Harrison,  Ltd., 

Lye,  Stourbridge. 
E.  J.  &  J.  Pearson,  Ltd., 

Stourbridge. 
Timmis  &  Co., 

Lye,  Stourbridge, 
Mobberley  &  Perry,  Ltd., 

Lye,  Stourbridge. 


WARWICKSHIRE. 
Hartshill  Quartzite. 

This  formation  has  an  outcrop  about  3  miles  long  and  500  yards 
wide,  extending  from  Nuneaton  in  a  north-westerly  direction. 

Mr.  T.  Eastwood,  during  a  recent  re-survey  of  the  area,  esti- 
mated the  thickness  at  about  900  ft.  The  rock  is  quartzitic  sand- 
stone, with  conchoidal  fracture,  generally  of  a  pale  pink  or  purple 
colour.  It  is  well-bedded;  the  strata  varying  from  a  few  inches 
up  to  4  ft.  in  thickness,  and  remarkably  weli-jointed.  The  series 
is  broken  by  shale  partings,  and  two,  which  are  particularly  well- 
marked,  have  been  used  by  Professor  Lapworth^  to  sub-divide 
the  formation  into  :  — 

(1)  Upper  or  Camp  Hill  Quartzite. 

(2)  Middle  or  Tuttle  Hill  Quartzite. 

(3)  Lower  or   Park  Hill  Quartzite. 

The  Park  Hill  and  lower  part  of  the  Tuttle  Hill  Quartzites 
are  exposed  in  the  quarries  on  Tuttle  Hill  and  in  Gee's  quarries; 
it  is  the  lower  division  which  is  excavated  for  road-metal. 

The  quartzite  used  for  macadam  is  a  very  hard  rock.  The 
crushing-strain  is  given  by  Mr.  H.  S.  Bell  as  38,000  lb.  per 
square  inch.  According  to  the  same  authority  the  rock  contains 
9445  per  cent,  of  silica  and  2'55  per  cent,  of  alumina,  alkalies 
0*77  per  cent.,  and  iron  oxide  0"86  per  cent.  Viewing  the  rock 
as  a  possible  material  for  silica-bricks,  the  alkalies  and  iron- 
oxides  are  satisfactorily  low;  but  the  silica  is  a  trifle  lower,  and 
the  alumina  a  trifle  higher  than  is  desirable. 

At  Windmill  Hill  Quarry  a  band  of  white  saccharoidal  quart- 
zite occurs.  The  appearance  of  the  rock  suggests  that  it  might 
be  suitable  for  silica-brick.     The  white  rock  at  this   quarry  is 

1  Proc.  Geol.  Assoc,  vol.  xv,  1898,  p.  340. 
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about  20  to  30  ft.  thick,  and,  according  to  Mr.  Eastwood,  it 
belongs  to  tlie  Park  Hill  Quartzite.  White  or  grey  rocks  are 
recorded  by  him  as  occurring  in  several  other  quarries  at  Harts- 
hill,  and  a  considerable  quantity  of  the  stone  could  probably  be 
obtained. 

Charles  Abell,  Ltd. 

Hartshill  Granite  Quarries,  Hartshill,  nea,r  Atherstone. 
AhelVs  Quarries. 
Quarries:  2j  mile  north-west  of  Nuneaton. 

Maps :  One-inch  New  Ser.  Ordnance  169 ;  Old  Ser.  Greological 
63  S.W.  ;   six-inch  Warwickshire  10  N.E. 

Latitude  52°  32'  50".     Longitude  1°  30'  45". 

Geological  age :  Cambrian. 

The  quartzite  is  worked  in  two  stages,  the  upper  face  being 
about  Go  ft.,  and  the  lower  one  about  40  ft.  high.  The  strata 
dip  about  30°  on  the  average,  the  direction  being  south-west. 
Sills  or  dykes  of  diorite  ('  basalt  ')  occur  in  the  quartzite.  The 
quartzite  is  not  divided  in  any  way  by  the  workmen,  and  different 
beds  are  not  distinguished  by  local  names. 

The  colour  is  usually  pinkish,  but  green  is  not  uncommon. 
A  bed,  about  4  ft.  thick,  at  the  bottom  of  the  face  at  present 
worked  (1916),  is  said  to  be  the  most  siliceous  horizon.  It  is  not 
considered  so  suitable  for  road-metal  as  a  harder  and  more 
ferruginous  rock.     The  '  bearing  '  is  from  5  to  10  ft.  thick. 

Description  of  rock. — 11540.  Pinkish-brown,  medium-grained  quartzite.  Grain 
angtilar  and  of  unequal  size.  Composed  of  quartz,  fine  .«iliceou3  sediments,  fel.-^ite  and 
felspar  in  a  siliceous  and  argillaceous  matrix.  The  felspar  content  is  considerable. 
Ferruginous  impurities  are  prevalent. 

Reserves :  Large,  limited  by  adjacent  properties. 

Products :  The  quartzite  is  got  for  road-metal  only.  The  sill 
or  dykes  of  igneous  rock  are  used  for  'pitching.' 

Market :  The  Midland  counties  chiefly. 

Transport :  By  the  Coventry  Canal,  which  is  at  the  foot  of  the 
liigli  ground  on  which  the  quarry  stands. 

Gee's  Hartshill  Granite  &  Brick  Co.,  Ltd. 
Hartshill,  Atherstone. 

Hartshill  Quarry. 
Quarry :  About  2  miles  north-west  of  Nuneaton. 

Maps:  One-inch  New  Ser.  Ordnance  169;  Old  Ser.  Geological 
63  S.W. ;  six-inch  Warwickshire  10  N.E. 

Latitude  52°  32'  40".     Longitude  1°  30'  15"  to  1°  30'  40'. 

The  description  of  Abell's  Quarries  (above)  applies  also  to  this 
locality.  The  upper  bench  of  the  quarry  is  about  60  ft.  and  the 
lower  face  about  20  ft.  AVhite  stone  does  not  occur,  or  only 
exceptionally.     There  are  several  sills  or  dykes  of  igneous  rock. 
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William  Boon  &  Sons. 

Windmill  Hill  Quarries,  Nuneaton. 

Windmill  Hill  Quarries. 

Quarry :  About  1|^  miles  from  the  centre  of  Nuneaton. 

Maps :  One-inch  New  Ser.  Ordnance  169 :  Old  Ser.  Geological 
63  S.W. ;  six-inch  Warwickshire  10  N.E. 

Latitude  52°  32'  0".     Longitude  1°  29'  20". 

The  description  of  Abell's  Quarries  applies  also  to  this  locality. 

The  upper  face  is  about  30  ft.,  and  the  lower  face  about  30  ft. 
high.    There  are  two  sills  or  dykes  of  diorite  ('  basalt '). 

A  band  of  about  20  to  30  ft.  of  pale  saccharoidal  quartzite  is 
made  into  setts;  the  rest  of  the  rock  is  said  to  be  too  much  jointed 
for  this  purpose.  According  to  Mr.  T.  Eastwood  this  pale  band 
belongs  to  the  Park  Hill  Quartzite. 

Description  of  rocks. 

11585.  Below  the  pale  rock.  Pale  pinkish  grey  quartzite.  Strongly  siUcified. 
Similar  to  11583,  -with  the  exception  that  the  original  grains  are  more  widely  separated 
and  thus  the  secondary  silica  exists  in  greater  quantity.  The  secondary  enlargement 
of  the  quartz-grains  is  particularly  well  marked. 

11583.  Pale  rock.  Grey  quartzite,  of  moderate  grain  and  even  texture,  speckled 
with  minute  red  spots.  Grain  som?what  uneven,  averaging  about  0"  3  mm.  Composed 
mainly  of  interlocking  quartz-grains  and  grains  of  variously  textured  felsitic  rocka 
in  a  matrix  of  secondary  silica  which  is  for  the  most  part  in  optical  continuity  with  the 
adjacent  grains.  There  appears  to  be  no  free  felspar  but  both  potash  and  soda  varieties 
are  represented  in  the  felsitic  fragments. 

GLOUCESTERSHIRE. 
Forest  of  Dean. 

In  this  district  the  only  siliceous  rocks  at  present  made  use 
of  for  refractory  purposes  are  some  grits  and  sandstones  that 
crop  out  at  the  junction  of  the  so-called  Millstone  Grit  with  the 
Coal  Measures  in  the  neighbourhood  of  Coleford.  These  grits 
and  sandstones  are  used  for  ground  ganister  and  siliceous  fire- 
bricks. For  ganister,  the  rock  used  is  a  soft  buff  or  pink,  ferru- 
ginous sandstone. 

Mr.  William  James. 
The  Marion  Silica  Fire- Brick  and  Ganister  Works,  Sunnyside,  Coleford. 

Marion  Brick  Worhs  Quarry^ 

Quarries  and  worhs :  On  north-eastern  side  of  the  Staunton 
Road,  1  mile  N.W.  of  Coleford.     (Works  established  1770.) 

Maps:  One-inch  New  Ser.  Ordnance  233;  Old  Ser.  Geological 
43  S.W. ;  six-inch  Glos.  30  S.E. 

Latitude  51°  48'  7".     Longitude  2°  38'  0'". 

Geological  age :  Top  of  so-called  Millstone  Grit  or  base  of  Coal 
Measures, 

The  section  of  the  '  ganister  '  quarry  shows  about  6  or  7  ft. 
of  sandstone,  chrome  yellow,  ferruginous  and  soft,  with  a  few 
lines  of  quartz-pebbles,  under  12  to  18  m.  of  sandstone  rubble 
and  soil. 
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This  '  ganister '  bed  dips  gently  (at  6°  to  8°)  towards  E.  20°  N., 
and  possibly  passes  under  the  large  quarry  from  which  the 
materials  are  obtained  for  the  manufacture  of  siliceous  firebricks. 
In  a  shallow  excavation  between  the  two  quarries  a  thin  and 
useless  coal  crops  out. 

JJeBcription  of  rocks. 

11601.  Harder  rock.  Moderately  fine-grained  pale-pink  to  buff  friable  sandstone. 
CJomposed  of  sub-angular  quartz-grains,  0.1  to  0.15  mm.,  with  some  felspathic  matter, 
in  a  somewhat  abundant  matrix  of  finely-divided  quartz  and  argillaceous  matter. 
The  rock  is  turbid  with  impurities  mainly  ferruginous  and  titaniferous  in  character. 

11602.  'Ganister.'  Medium-grained  buff  to  pink  friable  sandstone.  Mainly 
quartz,  iron-stained  and  with  argillaceous  coating.  Average  size  of  grain  about 
0.3  mm.  and  smaller. 

Reserves :  There  appear  to  be  reserves  of  tbe  '  ganister '  both 
towards  the  dip  and  also  along  the  strike  in  a  northward  direc- 
tion. 

Products  and  market :  The  rock  is  ground  under  light  edge- 
runners,  and  is  sold  as  ground  ganister  to  various  firms  in  the 
South  Wales  and  Monmouthshire  districts. 

Transport :  Conveyed  by  road  (1  mile)  to  Coleford  Station, 
Great  Western  Railway. 
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Saesen  Stones. 

In  former  years  isolated  blocks  of  quartzite,  '  Sarsen  Stones,' 
relics  of  pre-existing  Tertiary  beds,  were  found  scattered  in  large 
numbers  on  the  surface  of  the  ground  in  the  south  of  England,  but 
they  have  now  almost  all  been  used  for  road-mending  and  walling. 
These  blocks  are,  however,  still  being  sought  and  obtained  in 
Buckinghamshire  for  setts  and  curbstones,  at  Denner  Hill  and 
Walter  s  Ash,  Bradenham, 

Maps:  One-inch  New   Ser.   Ordnance  255   and  238;  Old  Ser. 
Geological  7;  six-inch  (Denner  Hill)  Bucks  38  S.W. ;  (Walter's 
Ash)  Bucks  41  N.E. 
-Walter's  Ash:  Latitude  51°  40'  45".     Longitude  0°  47'  20'. 

Denner  Hill :  Latitude  51°  41'  40".     Longitude  0°  46'  25'. 

Geological  age :  The  blocks  are  derived  from  the  Reading  Beds, 
and  are  found  in  Glacial  Drift,  in  deposits  of  what  is  called 
*  clay-with-flints.' 

The  stone  is  sought  by  boring  to  a  depth  of  not  more  than 
10  ft.,  and  when  a  block  is  struck  a  pit  is  opened  on  the  site  and 
the  stone  removed.  The  pits  may  reach  30  ft.  in  depth.  When 
the  stone  has  been  removed  the  pits  are  filled  up. 

The  rock  is  a  white  or  yellowish  quartzite,  usually  hard  and 
compact,  but  variable  as  regards  coarseness ;  sometimes  it  con- 
tains pebbles  of  flint. 

The  supply  is  limited  and  uncertain. 
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CHAPTER  VIII. 
SILICA-ROCK  AND  GA.^IST'ER— {continued), 

NORTH  WALES. 

Much  of  the  stone  raised  iu  North  Wales  for  making  silica- 
brick  or  ganister-compound  conies  from  the  Cefn-y-fedw  Sand- 
stone, or  so-called  Millstone  Grit;  rucks  of  Coal  Measure  age  are 
quarried  near  Buckley,  and  obtained  by  mining  at  Trevor;  Pre- 
Cambrian  quartzites  are  extensively  quarried  in  Anglesey  for  the 
same  purposes. 

One  result  of  the  recent  six-inch  survey  of  this  area  has  been 
to  show  that  the  greater  part  of  the  Cefn-y-fedw  Sandstone  is 
probably  of  earlier  age  than  the  Millstone  Grit  of  Derbyshire, 
and  is  a'  local  development  of  sandstone  in  the  top  of  the  Carboni- 
ferous Limestone  Series.  In  Denbighshire  the  upper  portion  is  a 
highly  felspathic  grit  (Aqueduct  Grit),  which  may  be  of  Mill- 
stone Grit  age. 

In  passing  northward  from  Denbighshire  to  N.  Flintshire  the 
sandstone  suffers  considerable  changes.  Up  to  the  southern 
borders  of  Flintshire  the  greater  part  consists  of  pebbly  sand- 
stones and  grits,  with  silty  shale  and  chert  subordinate;  but 
throughout  Flintshire  to  the  coast,  chert  and  shale  become  more 
and  more  important,  and  the  Aqueduct  Grit  is  absent. 

In  the  typical  area  the  Cefn-y-fedw  Sandstone  is  a  quartzose 
sandstone,  often  with  pebbles,  but  with  little  or  no  felspar,  and 
the  chief  beds  quarried  hitherto  for  silica-stone  are  those  which 
have  the  highest  silica  percentage,  with  more  or  less  secondary 
silicification  and  the  greatest  accessibility.  These  conditions  have 
been  met  with  in  beds  rather  low  down  in  the  series,  as  at  Ffrith, 
Bwlchgwyn,  Minera,  and  on  the  north  side  of  the  Dee  Valley, 
near  Trevor.  There  is  reason,  however,  to  believe  that  rocks 
equally  useful  could  be  found  at  intervals  at  many  points  along 
the  outcrop  of  the  lower  beds,  including  spots  that  are  reasonably 
accessible.  The  most  intense  silicification  occurs  near  Bwlch- 
gwyn, where  there  is  a  great  development  of  white  quartzite, 
evidently  due  to  alteration  of  once-calcareous  sandstones.  These 
rocks,  cropping  out  on  the  moorlands,  have  a  peculiar  and  easily 
recognisable  porcellaneous  aspect  when  weathered;  they  are 
similar  in  appearance  to  the  quartzitised  top  of  the  Moor  Grit  of 
Cleveland.  There  are  indications  that  several  outcrops  of  this 
rock  occur  at  the  north  end  of  Esclusham  Mountain,  south  of 
Minera. 

There  can  be  no  lack  of  rock  suitable,  in  one  degree  or  another, 
for  making  silica-brick  amongst  the  Cefn-y-fedw  Sandstones. 
Outcrops  of  tough  white  grit,  for  example,  have  been  detected 
on  the  moorland  less  than  half  a  mile  west  of  Maes-Maelor, 
between  Bwlchgwyn  and  Llandegla,  and  such  an  outcrop  might 
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be  followed  along  its  strike  to  a  point  where  the  rock  could  be 
quarried  with  profit.  Any  particular  bed,  however,  may  change 
in  character  in  a  short  distance.  At  the  southern  end  of  Kuabon 
Mountain,  again,  certain  quartzitic  sandstones  underlying  the 
bed  worked  at  Trevor  Kocks  (if  not  too  calcareous)  are  probably  of 
equally  good,  perhaps  of  better  quality.  A  project  is  on  foot  to 
work  the  sandstones  east  of  Caergwrle  (January,  1917). 

Towards  the  south,  near  Llanymynech,  the  lowest  beds  are 
apparently  calcareous,  whilst  in  N.  Flintshire,  as  above  stated, 
the  whole  group  is  replaced  to  a  large  extent  by  cherts,  hue- 
grained  quartzites  and  shales,  which  become  predominant 
between  Halkin  and  Holywell.  A  bed  of  chert  was  formerly 
quarried  near  Ffrith,  west  of  Hope  Mountain,  and  mixed  with 
sandstone  for  making  silica-brick ;  but  elsewhere  the  '  cherts  '  are 
so  often  interstratified  with  calcareous  bands  that  their  successful 
exploitation  is  doubtful. 

One  or  more  local  beds  of  silica-stone  in  the  Buckley  Fireclays 
are  now  being  quarried  for  making  silica-bricks.  The  fireclays 
form  the  highest  part  of  the  Middle  Coal  Measures  of  Flintshire, 
and  occur  a  short  distance  above  the  Hollin  Rock,  which  overlies 
the  Hollin  Coal. 

At  Trevor,  near  Ruabon,  the  seam  of  ganister  mined  lies  close 
beneath  the  Chwarele  Coal,  near  the  base  of  the  Lower  Coal 
Measures  of  Denbighshire.  It  extends  over  a  moderate  area  in 
the  locality,  and  up  to  the  present  has  only  been  worked  at  out- 
crop. A  sandstone  in  the  Coal  Measures  at  the  Delph  Works, 
Trevor,  has  been  made  up  into  bricks  that  have  not  yet  been 
tested  under  working  conditions  (1916).  The  rock  might  prove 
useful  for  foundry  composition  or  furnace-linings. 

The  Gwespyr  Sandstone,  Lower  Coal  Measures,  that  crops  out 
at  Top  Rhos  immediately  N.W.  of  Tryddyn,  Flintshire  (one-inch 
map  N.  Ser.  108,  six-inch  Flint  16  N.E.)  is  a  soft  pale  sandstone 
which  has  been  quarried  as  a  source  of  silica-flour. 

In  Anglesey  quartzite  of  Pre-Cambrian  age  is  quarried  in  the 
neighbourhood  of  Forth  wen. 

DENBIGHSHIRE. 
Bw^LCHGWYN  Road  STONE  Quarries,  Ltd. 

Hope  Street.  Wrexham. 

Bwlchffivyn  Quarry. 

Quarry  :  Situated  ^  mile  west  of  Bwlchgwyn  Church,  and  about 
200  yards  south  of  the  Ruthin  road. 

Maps :  One-inch  New  Ser.  Ordnance  121 ;  Old  Ser.  Geological 
74  N.E.;  six-inch  Denbigh  28  N.W. 

Latitude  53°  4'  15".     Longitude  3°  6'  20". 

Geological  age:   Millstone   Grit   [Cefn-y-fedw   Sandstone]. 

The  quarry  is  an  irregular  excavation  opening  towards  the 
north-east.  The  general  direction  of  dip  is  E.  25°  S.  from  10° 
to  15°,  but  the  beds  are  rolling  about  axes  trending  S.W.-N.E. 
and  pitching  N.E.  at  a  low  angle. 
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At  the  south  end  the  face  is  from  35-45  ft.  in  height,  and 
except  for  some  local  brecciation  (probably  due  to  faulting)  is  all 
sound  stone.  The  brecciated  rock  is  said  to  be  '  bubbly,'  owing  to 
the  cavities  between  the  angular  fragments.  In  other  parts  of 
the  quariy  there  are  lenticular  beds  of  loose  sandstone,  dark-grey 
shale  or  silty  siliceous  shale,  of  which  two  horizons  can  be  dis- 
tinguished : — (a).  At  the  far  north-west  end  of  the  quarry  about 
5-6  ft.  of  shale  occurs  a  few  feet  from  the  top  of  the  section, 
between  beds  of  sound  stone;  and  a  similar  bed,  probably  the 
same,  occurs  again  in  the  south-east  face,  where  10  ft.  of 
quartzite  overlies  shales  and  clay  mudstones,  with  plant-remains, 
resting  on  quartzite.  Between  these  two  extreme  points  the 
shales  have  either  thinned  out  or  have  been  quarried  away. 
(6).  At  a  lower  horizon  is  a  mass  of  bluish  siliceous  shale 
i'  clay  '),  and  barely-cemented  reddish  sandstone  with  pebbles, 
lorming  a  part  of  the  quarry  floor.  In  places  there  is  a  lateral 
passage  into  good  quartzite.  This  bed  rises  from  the  main  quarry 
floor  towards  the  north-west,  then  plunges,  and  finally  rises  again. 
Towards  the  south-east  it  dips  beneath  the  quartzites  underlying 
the  higher  bed  of  shale.  The  thickness  of  quartzite  between  the 
two  beds  is  over  20  ft.  Neither  (<f  these  beds  occurs  in  the 
southern  quarry-face. 

The  rock  is  a  well-jointed  tough  whitish  quartzite  (stained 
j)urple  near  the  surface),  consisting  of  fine  quartz  sand,  and  very 
occasionally  conglomerate,  with  a  siliceous  cement.  At  its  best 
it  resembles  the  intensely  quartzitised  top-bed  of  the  Moor  Grit 
of  Cleveland  (see  p.  40). 

The  bed  is  lenticular  and  massive  as  a  rule,  but  thin  beds  occur 
here  and  there.  Fossils  (encrinites,  bivalves,  «tc.)  are  so  common 
in  certain  places  as  to  suggest  that  those  parts  were  once  calcare- 
ous sand.stone,  which  has  undergone  decalcification  and  subse- 
quent silicification.  This  type  of  rock  is  of  open  texture.  There 
is  a  slight  amount  of  ironstaining  on  joint  and  fracture  faces. 
When  broken  the  rock  falls  into  angular  fragments. 

Description  of  rock. — 11575.  Pale  .t  arey,  fine-grained  quartzite,  iron-stained 
on  joints  and  cracks.  Composed  of  sub-angular  grain.s  of  quartz  up  to  0-.3  mm.,  and  a 
fair  pro[)ortion  of  grains  of  chert  and  other  microcrystalline  siiiceou.s  rocks  in  a  matrix 
of  secondary  silica.  The  detrital  grains  are  not  very  closely  packed,  so  that  th"  amount 
of  secondary  matter  is  considerable.  The  matrix  is  turbid  with  iron-compound  a. 
The  rock  apjiears  to  be  non-felspathic  and  non-micaceous. 

The  quarry  is  worked  in  successive  ledges  of  about  15  ft.  The 
chief  obstacles  are  shaly  and  sandy  bands  which  must  be  rejected. 
Quarry  water  can  easily  be  dealt  with. 

Reserves  :  Large ;  about  800  acres  of  the  white  quartzite  have 
been  acquired  by  the  company.  The  main  ridge  runs  for  nearly 
}-mile  soutli-westward  from  the  quarry,  and  is  terminated  by  a 
large  fault  (the  Red  Vein  of  Minera  Lead  Mines),  which  throws 
it  against  Carlwniferous  Limestone. 

There  is  a  furtlier  great  development  of  quartzite  stretohing 
for  over  a  mile  between  BwlcLgwvn  and  Glascoed  Hall  on  the 
south  side  of  the  Nant  -  y  -  Ff ritli  and  the  Bala  Fault.  This 
silicified  rock  comprises  some  of  the  lowest  parta  of  the  Cefn-y- 
fedw  Sandstone,  but  it  is  likely  that  the  upper  and  lower  limits 
of  the  mass  are  not  absolutely  constant. 

H2 
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Similar  rock  occurs  on  the  north-eastern  slope  of  Esclusham 
Mountain,  south-west  of  the  Minera  Lead  Mines  (see  also  Craig- 
Fawr  Quarry,  p.  115),  where  it  is  also  low  down  in  the  Cefn-y- 
fedw  Sandstone. 

Products:  The  rock  is  used  fca'  road-iaetal  (chiefly),  and  is 
sold  for  making  silica-Tarick,  and  graded  sand  for  filter-lDeds,  etc. 
The  '  bubbly  '  rock  and  the  open-textured  fossiliferous  rock  can 
be  used  for  silica-brick,  but  not  for  road-metal. 

Market :  Stone  for  siiica-brick  making  is  sent  to  local  makers, 
also  to  Yorkshire  and  Derbyshire. 

Transport:  By  steam-tractors  to  the  Great  Western  Railway 
at  Coed-Poeth  sidings,  or  direct  to  destination. 

Chirk  Castle  Lime  and  Stone  Co. 

Fron,  Llangollen. 
Fran  Silica  Quarry. 

Quarry :  Situated  about  100  yards  south  of  the  Holyhead  road, 
on  hillside  above  old  limekilns,  and  about  ^-mile  E.  of  Fron 
Church. 

Maps :  One-inch  New  Ser.  Ordnance  121 ;  Old  Ser.  Geological 
74  N.E.  ;  six-inch  Denbigh  40  N.W. 

Latitude  52°  57'  40".     Longitude  3°  4'  50". 

Geological  age:  Millstone  Grit  [Cefn-y-fedw  Sandstone]. 

The  rock  occurs  in  massive  lenticular  beds,  and  has  been  worked 
as  an  open  quarry  and  by  a  gallery  about  20  yards  in  length  driven 
in  the  lower  8  ft.  of  stone,  an  upper  6-foot  bed  forming  the  roof. 

Section  at  entrance  to  gallery. 

Ft. 
Soil  and  rabble     ...         ...         ...  ...         ...         ...         ...  6 

Coarse,  sometimes  pebbly,  grit  ...  ...         ...         ...         ...  8 

Good  white  sandstone  or  grit  |  ^  i        ...         ...         __ 

27 

The  outcrop  runs  north-north-eastward  obliquely  down  the  hill- 
side towards  the  old  lime-kilns,  and  the  dip  is  E.S.E.  at  12°-15°. 

In  character  the  good  stone  is  somewhat  like  that  quarried  at 
Cefn-y-fedw  (p.  111).  It  is  a  fine-grained  quartzose  sandstone 
with  some  felspar.  The  overlying  stone  has  pebbles  up  to  j-inch 
in  length,  and  contains  a  little  lime. 

Both  in  the  quarry  and  gallery  the  rock  was  extracted  by  hand- 
drilling  and  shots.  The  pebbly  grit  and  cover  is  waste,  and,  as 
the  work  progressed,  the  good  rock  was  found  to  become  too  hard 
to  be  profitably  mined. 

Description  of  rock. — 11505.  Extremely  fine-grained  white  slightly  -  stained 
sandstone.  Average  grain  0'  1  to  0*  1 5  mm .  Amount  of  interstitial  matter  fairly  large . 
The  grains  are  mainly  quartz,  but  there  is  a  good  number  of  grains  of  microcryataUine 
material,  felsite,  chert  and  felspar  decomposed  into  sericitic  aggregates.  The  cement- 
ing material  is  mainly  silica,  but  a  small  amount  of  carbonates  is  also  present. 

Reserves :  If  worked  eastward  the  overburden  would  increase, 
unless  new  beds  of  good  stone  come  on  above  the  pebbly  grit.  The 
overburden  would  be  best  avoided  by  quarrying  along  the  outcrop 
in  the  direction  of  the  old  kilns. 
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Products  and  market:  The  stone  was  tak-en  to  Messrs.  Roberta 
and  Maginnis,  Trevor,  before  the  war,  to  be  used  as  an  ingredient 
in  silica-brick,  and  was  delivered  at  the  works  for  5s.  a  ton,  but 
the  supply  has  ceased  through  lack  of  men  and  horses. 

Transport :  The  rock  was  tipped  down  a  shute  to  a  lower  level 
on  the  hillside,  and  carted  to  its  destination. 


Roberts  &  Maginnis. 

Trevor,  Ruabon. 
Cefn-y-fedw  Quarry. 

Works :  Garth  Silica-Brick  Works  at  Trevor.. 

Quarry :  Situated  close  to  reservoir,  about  150  yards  west  of 
Oefn-y-fedw  farm,  2  miles  N.W.  of  Trevor. 

Maps :  One-inch  New  Ser.  Ordnance  121 ;  Old  Ser.  Geological 
74  N.E.;  six-inch  Denbigh  34  S.E. 

Latitude  52°  59'  20".     Longitude  3°  7'  40" 

Geological  age :  '  Millstone  Grit '  [Cefn-y-fedw  Sandstone] . 

About  12  ft.  of  sandstone,  resting  on  a  floor  of  shale,  is  exposed 
in  a  small  quarry  recently  opened  upon  the  site  of  a  shallow 
excavation,  from  which  stone  for  the  reservoir  was  probably 
extracted. 

The  rock  dips  a  little  east  of  south  at  about  15°,  and  then  rises 
towards  the  farmstead  in  the  form  of  a  shallow  syncline.  Since 
it  has  many  irregular  up-and-down  joints  it  is  easily  quarried, 
and  requires  little  blasting.  It  is  a  pale  grey,  fine-grained, 
slightly  felspathic  sandstone  or  grit,  with  little  iron  and  some 
pebbles.  It  is  fairly  tough  and  well-jointed  and  hardest  at  the 
bottom. 

Reserves :  There  is  no  shortage ;  an  old  quarry  near  the  farm 
was  abandoned  only  because  it  had  reached  the  moor  road. 
Products:  Silica -rock  for  silica-brick  (see  p.  115). 

Transport :  The  rock  is  carted  over  two  miles,  down  a  hill 
600  ft.  in  height,  to  the  works. 

Mr.  W.  p.  Jones. 

Trevor  Rods  Quarry. 

Quarry:  Situated  900  ft.  O.D.  above  Sun  Bank  Halt,  at  road 
junction  on  edge  of  moorland  about  1^  miles  W.  of  Trevor  Station 
(G.W.R.,  Llangollen  Branch). 

Maps :  One-inch  New  Ser.  Ordnance  121 ;  Old  Ser.  Geological 
74  N.E.;  six-inch  Denbigh  34  S.E. 

Latitude  52°  58'  40".     Longitude  3°  7'  10". 

Geological  age:  'Millstone  Grit'  [Cefn-y-fedw  Sandstone], 
just  below  the  *  flinty  shale  '  group  of  Morton.^ 

1  G.   H.   Morton,   'The  Carboniferous*  Limestone  ami  Ofn-y-Foclw  Sivndstone  of 
tlu'  Country  hi-tweea  Llanjinynech  and  Mincra,  North  Wales,'  London,  1879. 
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The  quarry  is  situated  at  the  southern  end  of  a  bare  ridge  and 
exposes  from  18  to  23  ft.  of  well-bedded  sandstone  or  quartzitic 
grit  in  five  beds,  dipping  E.  10°  S.  at  20°.  The  upper  15  ft. 
(three  beds)  is  regularly  jointed,  but  the  lower  8  ft.  (two  beds) 
is  difficult  to  get  in  large  pieces  owing  to  numerous  small  irregular 
joints. 

In  texture  the  rock  is  rather  open  and  about  the  grade  of  a  fine 
sandstone  from  the  Bunter  Pebble  Beds,  rather  sugary  in  apjDear- 
ance.  The  higher  beds  are  gre}-  and  sometimes  purplish  in  tint, 
whilst  the  lower  are  nearly  white.  Iron  or  manganese  stain- 
ing sometimes  occurs  on  joints. 

Dfscriplion  of  rock. — 11576.  Fine-grained,  palest  buff-grey,  slightly  kaolinitic 
sandstone.  Hearing  qnartzite  in  character.  Grain  somewhat  uneven,  sub-angular, 
and  averaging  about  C'2  mm.  Mainly  composed  of  quartz-grains,  but  chert  and  other 
fine-grained  siliceous  roclis  are  represented.     Cement  siliceous. 

The  rock  is  worked  bed  by  bed  from  above  downwards,  only 
an  occasional  shot  being  required,  but  increased  cost  of  handling 
IS  incurred  by  the  lowest  beds  falling  into  small  pieces.  Pebbly 
parts  are  rejected. 

At  a  lower  geological  level  several  other  beds  of  fine-grained 
quartzose  sandstone,  which  crop  out  above  the  Carboniferous 
Limestone  in  the  steep  side  of  the  Llangollen  Valley,  might  be 
worked  with  profit,  if  of  sufficiently  good  quality  and  not  too 
calcareous. 

Reserves :  The  rock  extends  as  an  escarpment  for  more  than  a 
mile  towards  the  north-west,  furnishing  a  big  reserve,  provided 
that  the  quality  holds  good,  or  improves.  Loose  blocks  or  boulders 
within  easy  reach  are  also  used. 

Products  and  market:  Silica-rock  used  as  an  ingredient  in 
Bilica-brick,  by  Messrs.  Roberts  and  Maginnis,  and  by  a  firm  near 
Stourbridge. 

Transport :  The  material  is  carted  to  a  spot  ^  mile  W.  of  the 
quarry,  where  it  is  loaded  on  to  a  steeply-inclined  tramway,  by 
which  it  is  carried  down  to  the  Canal  Bridge  at  Sun  Bank  Halt, 
whence  it  is  dispatched  by  road  or  rail. 

Mr.  Edward  Morris  Jones. 

Garth,  Trevor. 

Garth  Quarry. 

Quarry :  Situated  a  few  hundred  yards  west  of  the  cross-roads 
at  Garth;  about  1  mile  W.N.W.  of  Trevor  Station  (G.W.R., 
Llangollen  Branch). 

Maps :  One-inch  New  Ser.  Ordnance  121 ;  Old  Ser.  Geological 
T4  N.E. ;  six-inch  Denbigh  34  S.E. 

Latitude  52°  58'  45".     Longitude  3°  6'  40". 

Geological  age :   '  Millstone  Grit '   [Cefn-y-f edw  Sandstone] . 

The  quarry  exposes,  beneath  4-5  ft.  of  rubble,  some  15-18  ft. 
of  sandstone,  which  occurs  in  massive  beds  dipping  at  6°-7° 
towards  the  east.  It  is  highly  false-bedded,  the  different  layers, 
due  to  material  of  different  grades,  dipping  N.N.W.  at  15°.*^ 
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The  texture  and  grade  of  the  finer  layers  is  somewhat  like  that 
of  Bunter  (Pebble  Bed)  sandstone;  the  coarser  layers  are  good 
grit  with  numerous  fragments  ^  in.  in  size.  It  contains  much 
white  felspar,  and  the  quartz-grains  are  rounded  to  subangular. 
When  fresh  the  coarse  rock  varies  from  white  to  grey;  the  finer 
parts  are  also  white,  but  are  readily  stained  by  iron.  "When 
weathered  the  rock  is  pulverulent  and  more  open  in  texture, 
owing  to  the  disappearance  of  the  felspar,  which  is  represented 
by  iron-stained  cavities. 

This  rock  forms  part  of  the  Aqueduct  Grit  (see  six-inch  map) 
like  that  exposed  in  the  quarry  at  Roberts  and  Maginnis'  Works 
at  Trevor  (below). 

Reserves:  Ample. 

Products :  Sandstone  used  as  an  ingredient  in  fireclay  goods. 

Transport :  The  rock  is  carted  to  the  Delph  Works,  Ruabon,  to 
1)e  us:ed  as  an  ingredient  in  fireclay  goods. 

Roberts  «&  Maginnis. 

Trevor,  Ruabon. 

Garth  Mine  and  Qtiarries. 

Works:  Trevor,  Ruabon. 

Mine  and  Quarries  :  Situated  about  i-mile  W .  of  Trevor  Station 
(G.W.R.,  Llangollen  Branch). 

Maps :  One-inch  New  Ser.  Ordnance  121  ;  Old  Ser.  Geological 
74  N.E.;  six-inch  Denbigh  35  S.W. 

Latitude  52°  58'  30"      Longitude  3°  5'  40". 

Geological  age :  Lower  Coal  Measures  and  '  Millstone  Grit ' 
[Cefn-y-fedw  Sandstone]. 

(lartli  Mine  is  entered  from  adits  opening  upon  the  '  Australia  ' 
Quarry.  The  old  working  face  of  the  Australia  Quarry  runs 
nearly  N.W.-S.E.,  and  tbe  beds  exposed  consist  of  the  Chwarele 
Coal,  witli  overlying  and  underlying  Measures,  down  to  the 
Aqueduct  Grit  at  the  top  of  the  Cefn-y-fedw  Sandstone. 

Near  tlie  west  end  of  the  quarry  the  general  section  is  as 
follows — the  dip  being  east  at  5°-8°  :  — 

B(Mil(k'r-(lay  ...         ...         ...  ...         ...  ...  about 

Mi'asurcs     ... 

Weathered  laminated  roal 

Measures 

Coal,  pyiitou?  (Chwarele  Coal)  ... 

"Bustard  canister   ... 

KlRKt'LAY    ... 

WhITK   (i.VNISTER 

Fliecliiy  (from  4  in.  to  3  ft.) 

WllITi;   (I.VNISTER 

lihlc  and  hiiuk  sliales 

A  continuation  of  the  section  in  the  south-western  face  gives, 
after  a  gap  of  perhaps  15  ft.,  over  12  ft.  of  bluish-grey  clay- 
shales  overlying  a  laminated  coal,  about  1  ft.  6  in.  in  thickness, 
resting  on  a  white  siliceous  sandstone  at  or  near  the  Aqueduct 
Grit,  which  is  worked  in  a  quarry  south-west  of  the  works.     In 
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this  quarry  about  24  ft.  of  sandstone,  with  fairly  massive  bedding, 
dips  at  5°-8°  eastward,  beneath  the  Coal  Measures  of  Australia 
Quarry. 

Another  quarry  (Gwernydd  Quarry),  in  which  the  ganister  and 
associated  beds  are  lenticular  and  rery  irregular  in  thickness,  lies 
about  400  yards  JM.W.  of  the  works,  just  beyond  a  small  fault; 
but  no  rock  was  being  got  in  1916,  although  it  was  worked  in 
1911,  when  the  following  section  was  obtained  by  Mr.  C.  B.  Wedd. 
The  dip  is  rolling. 

Ft.  In. 

Silty  ganister  sandstone  [bastard  ganister]      ...         ...         ...  10 

Coal  streaks  and  grey  shale,  up  to         ...         ...         ...         ...  0     5 

Ganistee,    lenticular,    hard,    white,    with    rootlets ;     dies 
out  eastward  into  base  of  overlying  bed ;    from  0  ft.  to 

3  ft.         ...         

Coal,  about  one  inch 

Ganister,  hard,  with  stigmaria  ;  up  to  about  3  ft 

Grey  shale,  impersistent,  up  to  ...         ...  ...         ...         ...  0     8 

Ganister-like    sakdstone,    hard,    whitish,    with    rootlets 

and  nauch  carbonaceous  matter,  about         ...         ...         ...  9    0 

In  the  Australia  Quarry  the  beds  are  broken  by  two  faults, 
about  80  yards  apart,  with  a  N.E.-S.W.  direction.  That  on  the 
west,  at  the  N.W.  corner  of  the  pit,  has  an  upthrow  west  of 
6  ft.,  and  throws  the  Chwarele  Coal  to  the  surface;  that  on  the 
east  is  visible  near  the  centre  of  the  quarry  face,  and  has  a  down- 
throw west  of  22  ft. 

The  beds  now  mined  for  refractory  purposes  are  the  fireclays 
and  white  ganister  below  the  Cliwarele  Coal.  In  places  the 
ganister  is  split  up  by  two  partings  of  fireclay.  The  Chwarele 
Coal  and  bastard  ganister  are  not  worked;  the  latter  forms  the 
roof  of  the  mine,  and  its  thickness  varies  inversely  as  the  under- 
lying fireclay.  The  white  ganister,  with  one  or  more  partings  of 
fireclay,  form  one  bed  of  fairly  constant  thickness.  When  the 
fireclay  is  thick  the  ganisters  are  thin,  and  vice  versa.  The 
ganister  is  a  hard  white  siliceous  rock  with  carbonaceous  matter 
and  rootlets.  Near  the  faults  this  rock  is  termed  '  bastard,'  but 
is  mined  and  used.  The  fireclay  has,  in  places,  the  appearance 
of  a  hard  shaly  marl,  with  coal  films  and  plant  remains. 

The  Aqueduct  Grit  is  a  soft  fairly  coarse  felspathic  grit,  often 
stained  with  iron,  which  must  be  chipped  away  if  too  prevalent. 

Description  of  rocks. 

11574.  Chwarele  Ganister.  Grey,  unevenly  bedded,  muddy  sandstone  of  fine  grain. 
Micaceous  on  certain  planes.  Angular  grains  of  quartz  0*05  to  0*  1  mm.  somewhat 
openly  spaced,  in  a  matrix  of  smaller  chips  of  the  same  mineral  with  a  good  deal 
of  clay-matter.  The  interstitial  matter  is  coloured  by  iron  compounds.  Detrital 
heavy  minerals  are  prevalent. 

11577.  Grit.  Coarse  ochreous  and  white-speckledfriable  sandstone.  Locally  deeply 
iron-stained.  The  white  specks  are  soft  and  have  the  characters  of  kaoMiaite.  The 
quartz-grains  are  angular  and  range  up  to  0'  8  mm.,  but  the  majority  are  of  smaller 
dimensions.  The  cementing  material  appears  to  be  in  part  secondary  siUca.  and  in 
dart  muddy  matter  composed  of  finely  divided  micas,  chlorite  and  limonite.  The 
kaolinitic  masses  occur  in  considerable  number  and  would  give  the  mck  a  moderately 
high  percentaoe  of  alkalies. 

The  beds  are  mined  from  two  adits,  about  55  yards  apart,  lead- 
ing from  the  face  of  the  quarry,  between  the  two  above-mentioned 
faults.  The  eastern  adit  runs  parallel  to  the  eastern  fault  for  a 
short  distance;  a   level  then  branches  off  N.W.   for  about  200 
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yards,  crossing  the  western  fault,  to  the  active  part  of  the  mine. 
In  1916  the  second,  or  western  adit,  which  is  practically  a  level, 
was  being  driven  parallel  to  the  200  yards  level  to  cross  the 
western  fault  and  tap  the  working  faces  by  a  nearer  route,  and 
had  almost  reached  the  fault  in  somewhat  over  60  yards. 

The  min«  is  worked  on  the  pillar-and-stall  system.  Water 
gives  trouble  to  the  north-east  of  the  eastern  adit,  and  north  of 
the  point  where  the  200  yard  level  branches  olf. 

For  silica-brick  the  ganister  must  be  weathered  to  rid  it  of 
adhering  fireclay,  and  bad  pieces  are  picked  out.  The  fireclaya 
are  also  weathered  as  long  as  possible. 

Reserves:  Reserves  are  ample.  In  the  eastern  parts  the  mine 
is  waterlogged,  but  could  be  pumped  dry  with  little  trouble. 
Pillars  are  left  here,  and  down  dip  there  is  a  tract  of  untouched 
ground.  Devt'lopments  are  taking  place  X.W.  of  the  western 
fault  in  the  direction  of  Gweriiydd  (juany. 

Products:  In  1916  silica-bricks  and  shapes,  ground  ganister 
and  occasional  firebricks  were  made.  Ordinary  bricks  and  red 
pipes  have  been  made  from  the  shales  beneath  the  ganister. 

Silica-bricks  are  made  from  a  mixture  of  silica-rocks,  including 
several  not  obtained  from  the  firm's  quarries. 

Markets :  vSilica-brick  to  Steel  Works  in  Scotland  and  Sheffield, 
also  to  glass  and  gas  works.  Ground  ganister  is  supplied  to  Crewe 
and  to  local  iron  foundries. 

Transport :  Goods  are  loaded  at  the  works  at  a  wharf  connected 
by  a  short  line  with  the  Great  Western  Railway. 

Roberts  &  Maginnis. 

Trevor,  Ruabon. 
Craig  Fawr  Quarry,  Minera. 

Quarry:  Situated  ^  mile  S.E.  of  Minera  at  N.W.  end  of  New 
Brighton  Village. 

Maps :  One-inch  New  Ser.  Ordnance  121 ;  Old  Ser.  Geological 
74  N.E.;  six-inch  Denbigh  28  N.W. 

Latitude  53°  3'  5".     Longitude  3°  5'  15". 

Geological  age :  '  Millstone  Grit '  [Cefn-y-fedw  Sandstone]. 

This  quarry  is  situated  in  disturbed  ground,  forming  a  lenticle 
faulted  between  the  highest  beds  of  the  Carboniferous  Limestone 
to  west  and  south,  and  higher  beds  of  Cefn-y-fedw  Sandstone  on 
the  north-east,  where  the  fault  is  also  the  Main  Vein  of  the 
Minera  Lead  Mines. 

The  section  is  as  follows,  the  dip  being  26°  E.N,E.  :  — 

Ft.  In. 

Rock  with  clay  bods        6    0 

QoARTzrrE,  '  p;oocl  rock '  6    0 

Clay  at  least  8    0 

The  '  good  rock '  is  a  quartzite  similar  to  that  of  Bwlchgwyn 
(p.  108),  and  is  one  of  tlie  lowest  beds  of  the  Cefn-y-fedw  group. 
Q\iarrying  is  difficult  owing  to  disturbance  and  to  the  clay  beds. 
Blasting  is  only  occasionally  employed,  and  the  best  rock  is 
selected  by  hand. 
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Reserves:  Output  and  reserves  are  small. 

Products :  Quartzite  for  silica-brick. 

Transport:  The  rock  is  carted  to  Vicarage  Halt  (G.W.R., 
Wrexham  and  Minera  line)  and  railed  to  Trevor. 

The  Gwersyllt  Silica  Brick  Co.,  Ltd. 

Gwersyllt,  Wrexham. 

Worhs :  (Late  Wheatsheaf  Works)  Situated  west  of  the  G.C.R., 
about  i-mile  S.E.  of  Gwersyllt  Station. 

Maps:  One-inch  New  Ser.  Ordnance  121;  Old  Ser.  Geological 
74  N.E. ;  six-inch  Denbigh  28  N.E. 

Latitude  53°  4'  10".     Longitude  3°  1'  0". 

The  only  rock  used  here  for  making  silica-bricks  is  obtained 
from  the  Bwlcligwyn  Roadstone  Quarries,  Ltd.  (p.  108).  It  is 
supplied  broken  to  angular  fragments,  about  the  size  of  a  hen's 
egg,  which  are  put  through  a  cylindrical  washer  to  rid  them  of 
adhering  clayey  matter,  which  amounts  to  about  2  per  cent,  of 
the  whole,  and  then  fed  into  the  grinding  pan. 

Products :  Silica-brick,  '  Gwersyll  '  brand. 

Transport :  Goods  are  loaded  on  to  sidings  to  G.C.R.  and 
G.W.E-.,  both  of  which  pass  the  works. 

The  Abenbury  Silica  Brick  Co. 

(Late  Brick,  Terra  Cotta  and  Stone  Quarry,  Ltd.),  Wrexham. 

AhenJ)ury  Quarry. 

Worhs:  Situated  at  King's  Mills,  1  mile  S.E.  of  Wrexham. 

Maps :  One-inch  New  Ser.  Ordnance  121  ;  Old  Ser.  Geological 
74  N.E. ;  six-inch  Denbigh  28  S.E. 

Latitude  53°  2'  5".     Longitude  2°  58'  10". 

The  stone  used  by  the  comjjany  for  the  manufacture  of  silica- 
bricks  is  acquired  from  the  Bwlchgwyn  Roadstone  Quarries,  Ltd. 
(p.  108)  and  the  Brymbo  Silica  Quarries,  Ltd.  (p.  117). 

The  raw  material  is  crushed  and  ground  at  the  works,  about 
20  per  cent,  of  the  Ffrith  stone  being  added  to  the  Bwlchgwyn 
stone. 

Products  :  Silica-brick. 

Transport :  By  cart  to  Wrexham  Station. 

The  Brymbo  Steel  Co.,  Ltd. 

Brymbo,  Wrexham. 

The  Caello  B ricl- works . 

Worhs :  Situated  about  i  mile  west  of  Brj'mbo. 

Maps :  One-inch  New  Ser.  Ordnance  121 ;  Old  Ser.  Geological 
74  N.E. ;  six-inch  Denbigh  21   S.W. 

Latitude  53°  4'  50".     Lona-itude  3°  3'  50". 
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Kiiw  material  is  obtained  from  the  Bwlchgwyn  Koadstone 
Quaiiies,  Ltd.  (p.  108),  and  the  lirymho  Silica  Quarries,  Ltd. 
See  heloAv. 

The  Bwlchgwyn  stone  is  washed  and  groujid,  ami  mixed  with 
50  per  cent,  or  less  of  the  Ffrith  stone. 

Products :  Silica-brick.  A  siliceous  firebrick  consisting  of  75 
per  cent,  silica  stone  and  25  per  cent,  of  Caello  fireclay,  raised  at 
the  Smelt  Pit,  is  made  from  time  to  time.  Ganister  mixture  is 
also    made. 

Market :  Silica-bricks  at  the  Caello  Works  are  made  chiefly  for 
use  at  the  Brymbo  Steelworks.  Some  are  also  made  for  sale,  and 
have  been  sent  recently  to  Scunthorpe,  Lincolnshire. 


FLINTSHIKE. 
Brymbo  Silica  Qiarhies,  Ltd., 

Formerly 
The  Cambrian  Silica  Stone  Co. 

Ffrith,  near  Wrexham. 
Crown   Dale  Quarry  {late  Ford's). 

Quarry:  Situated  about  |  mile  S.  of  Llanfynydd  Station  (L. 
and  N.^V^,  and  (t.W.  Joint  Kailway;  Mold  and  Brymbo  Branch), 
close  to  the  old  Artificial  Stone  and  Brick  "Works. 

Mays:  One-inch  New  Ser.  Ordnance  108;  Old  Ser.  Geological 
79  S.E. ;  six-inch  Flint  17  S.W. 

Latitude  53°  5'  50".     Longitude  3°  4'  30". 

Geological  age :  *  Millstone  Grit  '  [Cefn-y-fedw  Sandstone]. 

About  20  ft.  of  fairly  thick-bedded  sandstone,  with  some  pebbly 
streaks  at  the  top,  passes  down  into  12-14  ft.  of  thin-bedded 
sandstone,  with  calcareous  bands  and  shaly  j^artings  at  the 
S.S.E.  end  of  the  quarry.  The  dip  is  16°,  in  a  direction  N.  30°  W. 
There  is  an  overburden  of  soil  about  3  ft.  in  thickiiess.  At  Crown 
Dale  Sidings  a  large  N.-S.  fault  throws  the  beds  against  Carboni- 
ferous Limestone  on  the  east. 

On  weathering,  the  thick-bedded  rock  sj)lits  iij)  into  thinner 
layers.  It  is  a  fine-grained  rather  friable  greyish-white  qnartzose 
sandstone.  There  is  slight  iron-staining  on  joints,  and  traces  of 
lime  in  the  body  of  the  rock.  The  shaly,  calcareous  and  pebbly 
parts  are  rejected. 

Description  of  rock. — 1162.^.  Moderately  coarse-grained,  almost  white,  friable 
sandstone.  Mostly  quartz.  Grain.s  sub-angular,  0-2  to  0*3  nun.  A  fair  amount  of 
carbonaceous  matter  occurs  in  irregular  grains  and  patches. 

liescrves :  lieserves  in  the  property  are  am])le  for  man}-  years, 
but  further  quarrying  westward  along  the  strike  will  entail  the 
removal  of  an  increasing  amount  of  cover. 

Products  and  market :  The  rock  is  used  chiefly  for  silica-brick 
or  ganister  compound.  Distributed  to  brick-makers  and  steel- 
works in  Wrexham,  Kuabon,  Sheffield,  South  AVales  and  the 
Potteries. 
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Transimrt :  The  stone  is  put  on  the  rail  at  Crown  Dale  Sidings 
(L.  &  N.W.  a  G.W.  Joint  Eailwaj). 

An  18-in.  bed  of  fine-grained  j)orcellaneous  chert,  with  sponge 
ispicules  and  haematite  stains,  was  raised  until  quite  recently 
about  100  yards  N.W.  of  Crown  Dale  Quarry  and  used  lor  silica- 
brick.  It  is  called  the  '  bottom  '  rock,  although  it  actually 
occujiies  a  higher  geological  horizon  than  the  Crown  Dale  stone, 
and  occurs  in  a  series  of  thin-bedded  and  decalcified  fossiliferoiis 
sandstones,  sometimes  of  platy  and  porcellaneous  appearance. 
Other  cherty  beds  appear  at  lower  levels.  Silica-bricks  were 
formerly  made  here  from  a  mixture  of  '  top  '  and  '  bottom  '  rock 
and  fired  at  1600°  C.  A  somewhat  similar  rock  to  that  of  Crown 
Dale  Quarry  but  on  a  rather  lower  horizon  in  the  Cefn-y-fedw 
Sandstone  and  very  little  above  the  Carboniferous  Limestone, 
was  formerly  got  from  an  old  quarry  on  the  north  side  of  the 
Bala  Fault  in  Nant-y-ftrith,  nearly  \  mile  S."VV.  of  Ffrith  Station. 
It  is  a  massive  sandstone  which  is  pebbly  in  places  and  dips 
28°  S.W. ;  it  was  used  in  large  blocks  for  blast-furnace  bottoms 
at  the  old  Ffrwd  Works.  About  50  yards  S.W.  of  the  quarry  a 
fault  again  throws   up  the  Carboniferous  Limestone. 

Castle  Firebrick  Co.,  Ltd. 
Northop,  Flintshire. 
Castle  Firehrick  Works  and  Quarry. 
Works :  Situated  alongside  quarry. 

Quarry :  Situated  1^  mile  due  west  of  Ewloe  Green,  and  little 
over  2;^  miles  from  Hawarden  Station,  G.C.R. 

Maj)s :  One-inch  New  Ser.  Ordnance  108;  Old  Ser.  Geological 
79  S.E. ;  six-inch  Flint  14  N.W. 

Latitude  53°  11'  30".     Longitude  3°  5'  10". 

Geological  age:  Middle  Coal  Measures. 

The  quarry  runs  from  north  to  south,  with  its  steepest  face  to 
the  east,  and  the  beds  dip  E.  at  10°  to  15°. 

General  section.  1916.  Thicknesses  estimated  by  Mr.  Allet- 
son. 

SoU  

Purple  Shale  [aunch]      

SinoA-RocK  (sandstone)  

Green  and  piirple  shale 

Shaly  sandatone 

'  White  '  [bluish  green]  clay       

Strong  '  blue  '  f purple],  and  weak  '  blue  '  clay 

White  Silica-Stone,  or  black  strong  stony  clay  or  coaly 

shale 
Warrant 

The  toj)  silica-rock  appears  in  Parry's  Quarry  farther  south, 
but  thickens  northward,  and  is  well  developed  in  the  north-east 
face  of  this  quarry,  where  it  is  broken  across  by  a  small  trans- 
verse fault.  It  is  of  poorer  quality  than  the  lower  white  silica- 
stone,  which  occurs  only  in  the  southern  half  of  the  quariy  in 
a  disturbed  and  slickensided  state,  owing  to  a  couple  of  N.-S. 
faults  that  run  longitudinall}-   down  the    quarry.        This  latter 
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stone  is  not  found  in  Parry's  quarrj-  and  must  therefore  be  a 
lenticle.  The  higher  bed  is  exposed  again  in  a  :small  wood  about 
200  yards  west  of  the  quarry,  near  the  Altami  Brook.  Two  or 
three  longitudinal  faults,  throwing  down  west,  separate  the  two 
exposures. 

Products :  The  firm  has  for  a  long  time  made  fire-  and  acid- 
resisting  goods ;  the  manufacture  of  silica-brick  is  a  recent 
development. 

Market:  The  bricks  are  supplied  to  John  Summers  and  Sons, 
Shotton. 

Transport :  By  the  Great  Central  Railway,  Mineral  Line. 

Brooke  Benjamin  &  Co.,  Ltd. 

Erith  Works,  Coed  Talon,  Mold. 

Cambrian  Quarry  and  Mine. 

Quarrij  and  Mine  :  At  Gwernymynydd  on  the  south  side  of  the 
Euthin  lload  nearly  2  miles  from  Mold. 

Maps :  One-inch  New  Ser.  Ordnance  108,  Old  Ser.  Geological 
79  S.E.;  six-inch  Flint  13  S.E. 

Geological  age :    '  Millstone  Grit  '   [Cefn-y-fedw  Sandstone]. 

Section  on  south-eastern  side  of  quarry. 

Ft. 

1 .  Dark  flagsry  shales       20 

2.  Black,  red  and  purple  sh^iles  and  clay  ...  ...         ...  2 

3.  Dark  impure  limeatone  ...         ...  ...         ...         ...  J 

4.  Pebbly,  white,  calcareous  saudstonc  ...  ...         ...  6 

5.  Greenish  clay    ...  ...  ...  ...         ...         ...         ...  1 

6.  Silica  stone       34 

The  dip  is  easterly  at  15°  to  20°. 

(1)  has  been  used  for  building  and  for  brick-making;  (4)  has 
been  used  for  road  metal ;  (6)  is  nearly  all  of  value,  the  upper 
14  to  16  ft.  is  massive,  the  remainder  is  thin-bedded.  The  mine 
is  in  the  lower  part  of  the  16  ft.  bed. 

The  best  of  the  stone  is  very  similar  to  that  at  Gwernaffield 
(p.  189). 

Reserves :  Large. 

Products :  The  rock  is  crushed  and  milled  at  Coed  Talon  for 
abrasive  soap. 

Transport :  The  stone  is  run  down  an  incline  to  the  foot  of  the 
hill  and  conveyed  theuce  by  motor  tractor  to  Mold,  whence  it 
goes  by    rail  to  Coed  Talon. 

Welsh  Silica  Co.,  Ltd. 
Wepre  Brook  Works,  Connah's  Quay. 

Ilafod  Quarry. 

Quarry:  Situated  300  yards  S.W.  of  Hafod,  about  1|  miles 
W.  of  Mold. 

Maps :  One-inch  New  Ser.  Ordnance  108,  Old  Ser.  Geological 
79  S.E.;  six-inch  Flint   13  S.E. 
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Geological  age :  Carboniferous  Limestone  Series. 

The  rock  quarried  is  a  bed  of  sandstone  about  12  ft.  thick;  it 
underlies  limestone  at  the  north-east  of  the  quarry  and  is  covered 
by  5  ft.  of  boulder  clay  at  the  south-west  end;  the  stone  varies 
slightly  in  hardness  and  quality  from  point  to  point.  The  dip 
is  eastward  at  a  low  angle.  The  rock  is  the  higher  part  of  the 
highest  bed  of  sandstone  in  the  Carboniferous  Limestone  Series, 
i.e.,  in  the  upper  portion  of  the  bed  mined  at  Waen  (p.  189). 

Reserves:   Apparently  large,  beneath  thickening  cover. 

Products:  Silica-stone  and  silica  flour.  Some  of  the  stone  is 
dressed  into  blocks  for  furnace  bottoms,  etc. 

Pandy  Quarry. 

Craig-y-Pandy,  near  Chirk. 

This  quarry  is  worked  by  the  Welsh  Silica  Company.  The 
stone  is  a  hard,  compact  volcanic  ash  (Keratophyric^  ash)  not  a 
silica-rock  in  the  sense  employed  in  this  volume.  The  stone  is 
known  to  the  trade  as  '  Glyn  '  stone,  and  it  is  sold  dressed  into 
'  silica  liners  '  lor  tube  mills,  etc. 


ANGLESEY. 

The  United  Silica  Co. 

(Formerly  ihe  Tidy  Brick,  Pottery  &  Glaze  Co.,  Ltd.),  Amlwch, 
Anglesey. 

Porthwen  and  Graigwen  Quarries. 

Worhs:  Porthwen  Silica  Works,  3  miles  W^N.W.  of  Amlwch. 

Quarries :  At  Porthwen  and  Graigwen. 

Maps:  One-inch  New  Ser.  Ordnance  93;  Old  Ser.  Geological 
78   N.W.;  six-inch  Anglesey  3  N.W. 

Porthwen:    Latitude  53°  25'  40".     Longitude  4°  24'  25". 

Graigwen:    Latitude  53°  25'  40".     Longitude  4°  24'  40". 

Geological  age :  Pre-Cambriaii  and  Ordovician. 

The  fireclay  quarry  at  Porthwen  faces  the  coast  and  extends 
for  a  distance  of  several  hundred  yards  to  the  north  of  the  works ; 
its  face  is  about  100  ft.  in  height;  it  contains  shales  of  different 
colours,  a  bed  of  fireclay  and  some  '  china-clay'.  The  beds  are 
repeated  by  faults.  The  stone  quarry,  at  Graigwen,  lies  west  of 
and  above  the  works ;  here  the  stone  is  practically  all  either 
quartzite  or   vein-quartz. 

The  rock  quarried  for  making  silica-bricks  is  a  hard  quartzite 
belonging  to  the  Mona  Complex^  which  may  be  Pre-Cambrian ; 
it  has  been  brought  alongside  Ordovician  conglomerates  and 
shales  by  faults.  The  beds  appear  to  dip  N.  at  about  70°.  Ail 
the  quarry  workings  are  high  above  water-level  and  no  drainage 
difficulties  are  experienced. 

1  See  Memoir  on  Anglesey,  by  E.  Greenly. 
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Description  of  rock. — 11593.  Moderately  fine-grained,  palest  grey,  alightly  iron- 
stained  quartzite.  Well  siUcificd.  Composed  almost  entirely  of  quartz.  Grain 
somewhat  uneven.  The  rock  consists  of  angular  fragments  of  stained  quartz  of 
various  dimen.siona  (0*05  to  0"4  mm.)  in  a  completely  silicified  matrix  of  quartz-dust. 
Each  quartz-grain  is  surrounded  by  a  film  of  sericite.  The  rock  is,  generally  speaking., 
non-felspathic. 

Reserves:  The  company  has  the  right  to  work  a  large  area 
consisting  of  the  above-mentioned  roclcs. 

Products :  The  wares  made  are  principally  silica-bricks  and 
slabs.  The  entire  output  is  taken  by  the  General  Refractories 
Company. 

Transport :  The  quarries  are  connected  with  the  works  by  an 
inclined  tramway,  about  ^  mile.  The  works  adjoin  the  quay,  on 
which  are  the  silica-brick  kilns.  The  products  of  the  works  are 
carried  by  the  company's  own  steamer  to  a  store  at  Connah's 
Qui>y,  whence  they  are  distributed. 


William  Wild  &  Sons. 

Holyhead,  Anglesey. 

Holyhead  Silica  Quarry. 

Works:  Holyhead  Silica  Works,  about  2^  miles  west  of  Holy- 
head. 

Quarry :  Holyhead  Silica  Quarry,  on  north-east  of  Holyhead 
Mountain,  behind  and  adjacent  to  the  works. 

Majjs :  One-inch  New  Ser.  Ordnance  92 ;  Old  Ser.  Geological 
77  N.E. ;  six-inch  Anglesey  5  S.W. 

Latitude  53°  19'  0".     Longitude  4°  39'  40". 

Geological  age :  Pre-Cambrian  (?). 

Wild's  Quarry  formerly  suj)])lied  stone  used  in  building  the 
great  breakwater  at  Holyhead.  The  rock  is  quarried  parallel  to 
tlie  foliation-planes,  which  run  nearly  north-west  and  south-east. 

The  quarry  is  about  j-inile  long  and  upwards  of  IbO  ft.  high. 

The  quartzite  has  been  sheared  into  layers  of  varying  thick- 
ness, some  being  less  than  an  inch,  while  other  seams  yield  large 
blocks  4  or  5  ft.  thick.  The  massive  (juartzite  is  called  '  hard 
rock,'  and  is  used  solely  for  making  silica-bricks;  the  sheared 
quartzite  is  the  *  soft  rock,'  and  is  ground  for  ganister. 

Cutting  through  the  quartzite  there  are  two  dykes,  in  places 
nearly  14  ft.  wide,  that  become  soft  clay  near  tlieir  junction  with 
that  rock.  This  nuiterial  is  desciibed  as  '  Holyhead  Clay,'  and  is 
added  to  ganister   to  give  it  plasticity. 

The  strike  of  the  foliation  is  north-west  and  south-east,  and 
its  dip  nearly  vertical.  The  lock  is  quarried  in  lifts.  Water 
presents  no  difficulty  and  there  is  hardly  any  waste  in  the  quarry. 

Description  of  rock. — 11036.  'Hard  rock.'  Palest  grey,  with  faint  greenish 
tinge,  fine-grained  ((uartzite.  Veined  with  secondary  silica.  The  rook  consists  of 
enlarged  quartz-grains  of  about  0'2  to  0'3  mm.,  widely  spaced  in  a  microcrj-stalline 
matrix  of  quartz  and  secondary  micas.  The  rock  presents  a  microscopic  kataclastic 
structure. 
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Reserves:  Abundant.  The  beds  can  be  seen  for  a  distance  of 
i-mile  across  the  strike.  The  limits  of  the  jDroperty  are  not  nearly- 
reached. 

Products :  Silica-brick,  silver-  or  silica-sand  (ground  rock)  for 
steel-moulding.  Silica-flour,  the  rock-dust  from  the  crushers  and 
runners,  which  is  drawn  through  suction-pipes  and  collected ;  it  is 
used  for  painting  steel  ingot  moulds  and  castings;  also  as  a 
polishing  powder  and  in  scouring-soaps.    Ganister  also  is  sold. 

Market :  The  bulk  of  the  trade  is  in  silica-brick,  most  of  which 
goes  to  Scotland,  also  to  Workington,  Barrow,  Manchester, 
Sheffield  and  Widnes;  exports  to  France. 

Transport :  Private  railway  (about  1  mile)  from  works  to  wharf 
at  Soldier's  Point. 
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CHAPTER   IX. 

SILICA-ROCK  AND  GA^ISTEU— {continued). 

SOUTH  WALES. 

In  South  Wales  the  raw  materials  for  the  manufacture  of 
silica-bricks  are  obtained  wholly  from  the  Millstone  Grit  of  the 
Carboniferous  System.  The  formation  in  question  crops  out 
almost  continuously  around  the  edge  of  the  South  Wales  coal- 
basin,  between  the  Carboniferous  Limestone  and  the  Coal 
Measures.  The  outcrop  is,  however,  locally  concealed  near 
Cardiff  by  the  unconformable  Triassic  rocks,  and  near  Swansea 
by  the  waters  of  Swansea  Bay;  while  farther  west,  where  the 
coalfield  has  been  completely  severed  by  Carmarthen  Bay,  the 
outcrop  is  again  covered  by  the  sea.  From  Monmouthshire, 
through  Brecknockshire,  Glamorgan  and  Carmarthenshire  into 
Pembrokeshire,  the  visible  outcrop  of  the  Millstone  Grit  has  a 
length  of  little  less  than  140  miles  (Plate  III.). 

The  Millstone  Grit  is  best  developed  along  the  northern  margin 
of  the  coalfield,^  where  the  low  dip  and  high  elevation  of  the 
outcrop  have  resulted  in  the  formation  of  extensive  moorlands. 
Here  the  Millstone  Grit  is  divisible  into  three  well-marked 
stages  :  — 

Ft. 
f  Farewell  Rock. — Quartz-conglomerates  and  quartz- 
ites,  white  and  grey,  with  some  yellow,  brown  and 

olive-green  Bandstones  0  to  450 

Middle  or  Shale  Stwje. — Sandy  shales  and  mudstones, 
Miilstont-     ■{      dark-grey  and  black,  with  occasional  thin  sand- 
Grit,  stones  and  qnartzitos  100  to  1,000 

Basal  Orit. — Conpiomcratio  quartzites,  grits,  sand- 
.'(tones  and  quartzites,  white  and  grey,  with  thin 
I,      bands  of  buff  and  black  shale         ...  '      0  to  700 

Along  the  north-western  side  of  the  coalfield  and  thence 
through  Pembrokeshire  the  higher  dip  of  the  beds  has  resulted 
in  a  narrower  outcrop ;  but  the  Basal  Grit  forms  rocky  ridges  and 
escarpments  parallel  to  the  edge  of  the  basin.  On  the  north- 
eastern and  south-eastern  sides, ^  where  also  the  dip  is  high  and 
the  outcrop  narrow,  the  three  component  stages  are  less  clearly 
dflined.  one  or  other  of  the  quartzitic  stages — the  Basal  Grit  and 
the  Farewell  Rock — dying  out  or  passing  into  shale.      On  the 

^  For  details  see  '  The  Country  around  Abergavenny,'  1900  ;  '  The  Country  around 
Merthyr  Tydfil,'  1904;  'The  Country  around  Ammanford,'  1907;  'The  Country 
around  Carmarthen,'  1 909  ;  and  'The  Coimtry  around  Haverfordwest,'  1914.  (Metnoirs 
of  the  Geol.  Surv.). 

*  'The  Country  around  Abergavenny,'  1900,  and  'The  Countrv  aroimd  Newport.^ 
2nd  Ed.,  1909.     (Memoirs  o/  the  Geol.  Svrv). 
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southern  side  of  the  coalfield^  the  whole  formation  is  represented 
by  shales  with  subordinate  conglomerates,  grits  and  sandstones, 
with  a  total  thickness  of  250  to  1,500  ft.,  though  near  Swansea 
these  figures  are  probably  exceeded  by  many  hundreds  of  feet. 

The  siliceous  rocks  in  all  three  stages  are  mainly  composed  of 
detrital  quartz-grains  or  pebbles,  and  the  cementing  matrix  is 
generally  quartz.  The  rocks  are  therefore,  as  a  rule,  quartzites. 
But  in  some  places  the  quartz  cement  is  absent ;  it  has  either  never 
been  deposited,  or  has  since  been  removed  by  solution.  Here  the 
rock  has  the  characters  of  a  soft  conglomerate  or  a  soft  sandstone, 
and  in  extreme  cases  it  forms  beds  of  incoherent  gravel  or  of 
sand.  These  soft  varieties,  though  not  used  in  the  manufacture 
of  silica-bricks,  are  worked  for  hearth-sands,  ganister-mixtures, 
silica-cement,  moulding-sand,  moulder's  composition  and 
moulder's  paint. 

It  is  from  the  Basal  Grit  alone  that  silica-materials  are  at  pre- 
sent obtained,  though  similar  stone  is  locally  available  in  limited 
quantities  in  the  other  two  stages. 

The  type  of  stone  regarded  as  most  desirable  for  the  making 
of  silica-bricks  is  a  fine-grained  hard  bluish-white  quartzite,  free 
from  quartz  and  other  pebbles  and  devoid  of  felspathic  matter. 
Many  of  the  coarser  beds  are  thus  ruled  out,  and  suitable  bands 
of  rock  must  be  specially  sought  for  at  the  outcrop.  Further: 
a  bed  having  the  proper  character  may  soon  pass  laterally  into 
a  variety  that  is  too  soft,  or  too  pebbly,  or  otherwise  inferior. 
But  in  spite  of  these  restrictions  the  reserves  of  the  requisite 
m.aterials  on  the  moorlands  and  rocky  ridges  that  fringe  the 
northern  margin  of  the  coalfield  are  practically  unlimited.  Their 
exploitation  is,  however,  at  present  mainly  determined  by 
facilities  for  transport  of  the  finished  products.  In  consequence, 
the  raising  of  silica-stone  and  similar  products  is  more  or  less 
restricted  to  the  valleys  and  gorges  by  which  the  lines  of  roads 
and  railway  cross  the  outcrop.  In  some  cases  the  raw  materials 
are  manufactured  at  or  close  to  the  quarries;  in  others  they  are 
carted  by  road  to  the  nearest  railway  and  conveyed  some  distance 
to  the  factory.  A  number  of  silica-brick  makers  manufacture 
for  the  open  market;  but  a  small  number  of  the  local  steel-makers 
and  copper-smelters  manufacture  their  own  silica-goods  from 
their  own  quarries  or  from  purchased  materials,  and  have  brick- 
works attached  to  their  own  works. 

The  districts  in  which  silica-stone  and  silica-sand  are  raised 
are  as  follows: — Dowlais,  near  Merthyr  Tydfil;  Penderyn,  the 
Vale  of  Neath  and  Penwyllt,  near  Neath;  the  Black  Mountain 
and  the  Vale  of  Tawe  and  Brynamman,  near  Swansea;  Llandy- 
bie,  near  Llandeilo;  Mynydd-y-gareg,  near  Kidwelly;  and 
Templeton,  near  Narberth.  These  are  shown  on  the  accompany- 
ing map  (Plate  III.). 

1  'The  Country  around  Pontypridd  and  Maesteg,'  2nd  Ed.,  1917  ;  'The  Country 
aroiind  Swansea,'  1907;  'The  Country  around  Haverfordwest,'  1914;  and  'The 
Country  around  Milford,'  1916.     {Memoirs  Geol.  Surv.) 
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C'lydach  and  Abergavenny  Lime  and  Stune  Co.     Llanelly  Quarry. 
Abercriban  Quarries  Co.     Ponaticill  Sand-pit. 

..  r.  „         Quarry. 

Guest,  Keen  &  Nettlefolda,  Dowlais.     Bryniau  No.  1  Quarry. 
No.  2      ,. 
„         Canister  Quarry. 
Toryfoel  Quarry. 
.1  >,  „         Sand-pit. 

Vale  of  Neath  Dinas  Fire-brick  and  Cement  Co.,  Glyn  Neath,     Bworaaen 


7.     N.  B.  Allen  &  Co.,  Hirwau 


Quarry. 

A.  Guuat,  Keen  &  Nettlefolda,  Dowlais. 

B.  N.  B.  Allen  &  Co.,  Hirwaun. 

C.  Vale  of  Neath  Dinas  Fire-brick  and  Cement  Co..  Ltd..  Pont-Whalby. 

D.  Abernant  Dinas  Silica  Brick  and  Cement  Co.,  Glyn  Neath. 


10.  Vale  of  Neath  Dinas  Fire-brick  and  Cement  Co.,  Glyn  Neath.     Kilhepste 

Quarry. 

11.  Abernant  Dinas   Silica   Brick  and  Cement  Co.,  Glyn  Neath.      LIuest 

Quarry. 

12.  Abernant  Dinas  Silica  Brick  and  Cement  Co.,  CJlyn  Neath.    Tou-y-gilfach 
.  Quarry. 

13.  Penwyllt  Dinas  Silica  Brick  Co.,  Penwyllt.     Pwll-Byfre  Sand-pit. 

14.  „  „  „  Quarry  No.  5. 

15.  „  „  „  Quarry  No.  6. 

16.  Black  Mountain  Silica  Co.,  Upper  Cwmtwrch.     Quarries. 

17.  ,.  „  „  Sand-pits. 
"^                                            I  OK  THE  Map  }iy  capital  i 


E.     J.  B.  Jenkina  &  Co.,  Neath.  J. 

P.      Baldwins,  Landore.  K. 

G.     Tawe  Clay  Works  Co.,  Morriston.  L. 

H.     Penwyllt  Dinas  Silica  Brick  Co.,  Penwyllt.  M, 

Plate  III. — Map  of  South  Wales  showing  the  sites  of  Silica-rock  Quarries,  Sand-pits  and  Silica-brick   Works, 


Brynamman  Silica  Co.,  Black  ^fountain.     Sand-pit. 

Gareg-fraith  Quarry. 
Bynea  Silica  Worka  Co..  Bynea.  Llanelly.     Garn-bica  Quarry. 
Carmarthenshire  Silica  Co.,  Llandybie.     Pistyll  Quarry. 
Lime  Firms,  Llandybie.     Glangwenlais  Quarry. 
A.  T.  Dinas  Silica  Brick  &  Lime  Co.,  Kidwelly.     Quarries. 
Sand-pit. 
Stephens  &  Co..  Kidwelly.     Llyn  Quarry. 
,  „  New  Quarry. 

Templeton  Dinas  Silica  Brick  and  Cement  Co.,  Templeton.  near  Narbeth, 
Clegars  Caatle  Quarry. 

Byuea  Silica  Works  Co..  Bynea. 

A.  Y.  Dinas  Silica  Brick  and  Lirae  Co.,  Graig  Works.  Mynydd-y-gareg. 
Stephens  &  Co..  and  H.  &  H.  E.  Smart,  Kidwelly.  -..,..      i. 

Templeton  Dinas  Silica  Brick  and  Cement  Co.,  Templeton.  Narberth. 
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BRECKNOCKSHIRE. 
N.  B.  Allen  &  Co.,  Ltd. 
Hirwaiin,  near  Aberdare. 
Toryfoel  Quarry. 

Works:  Dinas  Silica  Works,  adjoiuing   Hirwaun  Station. 

Quarries:  Toryfoel  Quarry,  |  mile  W.N.W.  of  Penderyn 
Church.  Sand-pit;  Toryfoel,  Penderyn.  Both  are  about  2j  miles 
north-west  of  Hirwaun. 

Maps :  One-inch  New  Ser.  Ordnance  and  Geological  231 ;  six- 
inch  Brecknock  44  S.E. 

Toryfoel  Quarry :  Latitude  51°  46'  10".     Longitude  3°  32'  25'. 

Sand-pit :   Latitude  51°  46'  4".     Longitude  3°  32'  20". 

Geological  age :   Millstone  Grit.     The  Basal  Grit. 

The  rock  is  hard  fine-grained  quartzite  of  a  grey-blue  colour 
in  the  pebbly  basement-beds  of  the  Millstone  Grit.  The  beds 
dip  N.N.W.  at  35°,  and  so  far  have  been  worked  to  a  depth  of 
20  ft.,  all  in  solid  quartzite,  with  two  partings  of  black  powdery 
shale,  which  has  proved  suitable  for  the  manufacture  of  pigment. 
Beds  of  quartz-conglomerate  are  found  at  several  levels  in  the 
quarry. 

Description  of  rock. — 11606.  Moderately  fine-grained,  pale-grey  quartzite.  With 
small  pebbles  of  vein-quartz  up  to  3  or  4  mm.  The  average  grain  is  about  0*2  mm. 
The  rock  ia  of  mixed  character  congiating  mainly  of  angular  quartz  grain.g,  but  with 
a  moderate  admixture  of  grains  of  chert,  hne-grained  quartzites,  and  other  highly 
siliceous  rocks.  Also  a  little  plagioclase  felspar  is  present.  The  cement  is  entirely 
siUceous. 

The  Sand-pit  is  in  detrital  and  weathered  Millstone  Grit, 
which  fills  a  deep  V-shaped  valley  to  a  depth  of  25  ft.  in  places. 

Reserves:  The  reserves  of  stone  are  practically  unlimited,  and 
those  of  the  sand  ample  for  many  years  of  normal  demand. 

Products :  All  kinds  of  silica-goods  for  glass,  steel  and  gas 
works.  Speciality,  bricks  for  glass-furnaces  and  for  copper  and 
tin  works.  Ganisler  mixture  is  also  made,  but  the  sand  is  used 
entirely  in  the  manufacture  of  the  firm's  own  bricks. 

Markets :  Glass  works  at  St.  Helens  and  Birmingham ;  steel 
works  in  the  Midlands  and  Scotland;  and  ex])ort3  to  France  and 
other  foreign  countries.  Before  the  war  the  glass  works  in 
Belgium,  France  and  Silesia  were  supplied  with  silica-goods. 

Transport:  The  stone  and  sand  are  thrown  into  trucks  which 
run  down  an  incline  to  a  4  ft.  8|-  in.  gauge  line  to  the  works  about 
24-  miles  away.  Nearest  station.  Hirwaun,  G.W.Il.  line  from 
Neath  to  Aberdare  and  Merthyr  Tydfil. 

The  Penwyllt  Dinas  Silica  Brick  Co.,  Ltd. 

PenwyUt,  Neath. 

PcnwyJIt  Quarries. 
Works :  Situated  about  f  mile  south  of  Penwyllt  (Craig-y-nos) 
Station,  about  8f  miles  north-west  of  Hirwaun  and  13  miles  north- 
east of  Neath. 

12 


126  SILICA-ROCK   AND    GANISTEE. 

Quarries :  There  are  six  quarries :  jS^os.  1  and  2  (road-metal)^ 
Nos.  '6  and  4  (limestone),  and  two  otliers  being  worked  for  silica. 
These  are  designated  No.  5  and  No.  6,  and  are  both  adjacent  to 
the  works. 

Maps :  One-inch  New  Ser.  Ordnance  and  Geological  231 ;  six- 
inch  Brecknock  38  S.W. 

No.  5  Quarry :  Latitude  51°  49'  25".     Longitude  3°  39'  30". 
No.  6  Quarrj :  Latitude  51°  49'  15".     Longitude  3°  39'  35". 

There  is  also  a  sandpit  about  1^  miles  north-east  of  the  works 
called  the  Pwll-Bvire  Sandpit.  Latitude  51°  5U'  10".  Longi- 
tude 3°  38'  0". 

Geological  aye:  Millstone  Grit.     The   Basal  Grit. 

In  No.  6  Quarry  there  is  30  ft.  of  quartzite,  known  as  '  white 
bed,'  with  a  thin  seam  of  black  shale  about  half-way  up  the 
working  face  and  two  lenticular  seams,  each  about  2^  ft.  thick, 
of  pebbly  conglomerate  near  the  base.  The  dip  is  due  south 
at  8°. 

At  No.  5  Quariy,  situated  on  the  opposite  side  of  the  hill,  the 
working  face  is  about  50  ft.  long  and  20  ft.  high.  The  dip  of 
the  beds  is  indeterminable,  no  true  bedding  but  only  marked 
current-bedding  being  seen.  The  rock  is  mostly  fine-grained 
white  quartzite,  but  thin  lenticles  of  pebbly  conglomerate  and  a 
seam  of  black  shale  also  occur. 

The  best  stone  is  the  '  white  bed,'  in  No.  6  Quarry,  which  is  a 
fine-grained  light-grey  quartzite. 

Description  of  rocks. 

11614.  Moderately  fiiie-grainecl  grey  quartzite,  with  mirrnte  specks  of  coal 
and  ochre.  Angular  quartz  up  to  0"4  mm.  with  some  fine-grained  siliceous  sedi- 
ments in  a  siliceous  matrix  and  cement. 

11639.  Fine-grained  grey  quartzite.  Grain  angular,  0*1  to  0".3  mm.  Mostly 
quartz  with  a  little  chert  and  other  fine-grained  siliceous  rocks.  Cement  siliceous 
and  of  small  amount. 

11635.  The  so-called  'spar.'  Grey  conglomeratic  quartzite  with  pebbles  of  vein- 
quartz  up  to  J  in.  The  pebbles  are  set  in  a  moderately  coarse-grained  matrix  of 
quartz  grains,  with  here  and  there  small  carbonaceous  f»atches.  The  matrix  contains 
a  few  grains  of  chert  and  feisite,  but  otherwise  consists  of  quartz.  The  cement  ie 
siliceous. 

Formerly  the  beds  of  '  spar  "  (conglomeratic  quartzite)  were 
rejected  on  the  ground  that  they  had  too  low  a  f using-point ;  but 
they  are  now  in  demand  by  copper-smelting  works. 

The  sandpit  at  Pwll-Bjdre  is  connected  by  rail  and  wire  rope- 
way to  the  works  at  Penwyllt.  The  sand  is  weathered  quartzite, 
and  contains  lumps  of  hard  rock  that  necessitate  crushing. 

Reserves :  Practically  unlimited. 

Products :  Silica-bricks  of  ordinary  sizes ;  soaps,  splits,  keys, 
arches,  culverts,  feather-edges  and  ends.  Special  bricks  made 
to  order.  Ganister  is  ground  at  the  works,  and  is  described  under 
the  trade  term  of  '  brown  sand.'  Silver-  or  silica-sand  from 
PwU-Byfre  sandpit. 

Market:  Products  sent  all  over  the  United  Kingdom,  also 
exported  to  France,  Italy,  India,  Japan,  South  Africa  and 
Australia. 
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Transport:  Bj  rail  from  Penwyllt  Station  on  the  Midland 
Railway  (Neath  and  Brecon  branch);  there  are  sidings  to  the 
works. 


CARMARTHENSHIRE. 

Baldwins,  Ltd. 

Landore,  Swansea. 

Works:  Silica-brick  department  at  Landore  Works. 

Maps:  One-inch  New  Ser.  Ordnance  and  Geological  247. 

Silica-stone  is  obtained  from  Blaea  Llynfell  (the  Black  Moun- 
tain Silica  Co.),  Black  Mountain  (see  p.  132). 

Only  the  harder  varieties  of  the  stone  are  used  for  making 
silica-bricks,  the  best  stone  being  fine-grained,  hard  blue-grey 
quartzite. 

Ganister :  In  making  ganister  the  softer  varieties  of  stone  are 
used  along  with  loose  sand  and  clay.  These  are  ground  in  the 
same  mill  as  the  brick  material,  but  a  mill  is  being  put  down  to 
deal  exclusively  with  this  mixture. 

Silica  Cement :  Rough  sand  mixed  with  a  small  proportion  of 
Burface-clay. 

Hearth  Sands :  Selected  and  crushed  at  the  quarry  between 
fluted  rolls.  This  sand  contains  many  quartz-pebbles,  and  is 
crushed  quartz-conglomerate. 

Products :   Silica-bricks  of  over  40  dijfferent  shapes  and  sizes ; 

f round  ganister;   silica-cement,   hearth-sands  for  Siemens  open- 
earth  furnaces. 

Market :  At  present  (1916)  Baldwins  are  manufacturing  for 
their  own  use  only,  but  are  putting  down  plant  capable  of  supply- 
ing a  greater  demand. 

Transport:  From  Upper  Bank  Station,  Great  Western  Rail- 
way. 

Bynea  Silica  Woeks  Co. 

Bynea,  Llanelly. 

Garn-bica  Quarries. 

Works :  At  Bynea,  3  miles  east  of  Llanelly. 

Quarries:  Situated  at  Gam-bica,  li  mile  north-east  of 
Llandybie. 

Maps:  One-inch  New  Ser.  Ordnance  and  Geological  230;  six- 
inch  Carmarthensliire  41  S.E. 

Latitude  51°  50'  6".     Longitude  3°  58'  40". 
Geological  age:  The  Basal  Grit  of  the  Millstone  Grit. 
The   quarry  presents   the  following   section:  — 


Quartzite,  thin-bedded  (nut  us.'d) 
Black  shale  (not  used  at  present)  ... 
QUARTZTTB,  thick-bedded  (working) 
Black  shale    ... 
QuABTzrrE,  white  (working) 


Ft. 
15 

3 

.30 

0-1 

9 


of  the  above. 

Ft. 

In. 

40 

0 

] 

6 

2 

0 

7 

0 

2 

6 
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The  beds  dip  S.S.E.  at  73°. 

Another  quarry,  about  30  yards  to  the  W.S.W. 
shows :  — 

Quartzite,  poor  (not  worked) 
Black  shale    ... 
QuABTZTTE  (working) 
Quartzite,  poor  (not  worked) 
Black  shale  (working) 

This  quarry,  which  has  been  working  for  many  years,  is  about 
to  be  abandoned. 

The  materials  quarried  are  carted  1^  mile  by  road  down-hill 
to  Llandybie  Station,  and  conveyed  thence,  12  miles,  by 
rail  (G.W.R.)  to  the  Bynea  Works. 

Description  of  rock. — 11629.  Sample  from  the  third  bed  in  the  first  quarry.  Pale- 
grey,  fine-grained  quartzite.  Iron-stained  on  cracks  and  joints.  Traversed  by  thin 
veins  of  secondary  quartz.  Grain  angular,  0'03  to  0'05  mm.,  closely  packed.  Heavy 
detrital  minerals  moderately  abundant.     Cement  siliceous. 

Reserves  :  There  are  ample  reserves  along  the  strike  and  towards 
the  dip. 

Products :  Silica-bricks,  end-keys,  side-keys,  feather-ends  and 
feather-keys,  etc. 

Market :  Steel -works  in  South  Wales  and  Monmouthshire. 

Transport :  The  goods  are  loaded  on  to  rail  at  a  private  siding 
on  the  Gt.W.R.  at  Bynea  Station. 

A.  Y.  DiNAS  Silica-Beick  &  Lime  Co.,  Ltd. 
Mynydd-y-gareg,  Kidwelly. 

Graig  Silica  Stone  and  Sand  Quarries. 

Works :  Called  the  Graig  AVorks,  f  mile  west  of  the  stone- 
quarry. 

Quarries :  Silica-stone  quarry  on  Mynydd-y-gareg,  2^  miles 
N.E.  of  Kidwelly.     Silica-sand  pit  on  Mj-nydd-y-gareg. 

Mofs :  One-inch  New  Ser.  Ordnance  and  Geological  229 ;  six- 
inch  Carmarthenshire  46  S.E. 

Silica-stone  Quarry:  Latitude  51°  45'  32".  Longitude 
4°  15'  40". 

Silica-sand  pit :  Latitude  51°  45'  30".     Longitude  4°  15'  57". 

Geological  age :  The  lowest  beds  of  the  Basal  Grit  of  the  Mill- 
stone Grit. 

The  Silica-stone  is  worked  in  an  open  quarry.  The  section  is 
as  follows :  — 

Ft.  in. 

Quartzite,  white  (working)          9  0 

Black  shales  (not  worked)  ...         ...         ...          ...          ...  12  0 

Quartzite  (not  worked)        ...         ...         ...         ...         ...  8  0 

Black  shale,  soft  and  plastic  on  surface,  well-bedded 

below  (working)    ...         ...         ...         ...         ...         ...  1  6 

Quartzite,  white  (working)         35  0 

The  beds  di^)  S.E.  at  35°.  The  raw  matex'ials  are  carted  |  mile 
to  the  works,  and  are  there  exposed  to  the  weather  for  a  short 
time  in  oider  that  they  may  be  washed. 
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Description  of  rock. — 11610.  Pale  groj'  tu  buff,  finc-prrained  qiiartzite  traversed  by 
narrow  brown  f.treaks.  Grain  angular,  about  0"15  mm.  and  coa.sisting  mainly  of 
quartz,  with  a  fair  amount  of  fine-grained  siliceous  fragments  (chert,  quartzite,  etc.) 
in  a  turbid  siliceous  cement.  A  certain  amcimt  of  fine  micaceous  matter,  probably 
resulting  from  the  destruction  of  felspar,  appears  to  occur  interstitially. 

Reserves :  Large  along  the  strike,  aud  towards  the  dip,  the 
property  consisting  of  400  acres,  of  which  only  about  10  acres 
have  been  worked. 

Products :  Silica-bricks,  squares  and  special  shapes,  etc. 

Market :  Steel,  iron  and  other  works  in  South  and  North  Walea, 
the  Midlands,  Sheffield,  Cumberland,  Northumberland  and  Scot- 
land.    Exported  to  France  and  Italy. 

Transport :  The  finished  articles  are  put  tDU  rail  at  a  private 
siding  on  the  Gweudraeth  Valley  Railway  and  conveyed  3  miles 
to  Kidwelly  Station,  G.W.B. 

From  the  sand-pit  the  firm  obtains  '  silica-sand.'  The  material 
here  consists  oi  soft  whitish  sandstone  and  incoherent  white  and 
yellowish  sand,  which  have  been  produced  by  the  disintegration 
of  the  Basal  Grit  in  situ.  These  soft  beds  appear  to  occupy  a 
long  narrow  depression  traversed  by  a  fault,  aud  their  thickness 
and  extension  have  not  been  actually  proved. 

The  materials  are  dug  with  pick  and  spade,  carried  in  tubs 
on  rails  to  the  works  (200-300  yards)  and  passed  between  rollers. 
The  resulting  '  silica-sand  '  is  sold  to  the  same  firms  who  buy  the 
silica-bricks. 

Stephens  &  Co. 
Kidwelly. 

New  Quarry  and  Llyn   Quarry. 

Wo/A-.v ;  Dinas  Silica  Works,  adjacent  to  G.W.R.  Station, 
Kidwelly. 

Quarries:  New  Quarry,  Mynydd-y-gareg,  1^  mile  north-east 
of  Kidwelly.  Llyn  Quarry,  Mynydd-y-gareg,  |  mile  north-east 
of  the  New  Quarry. 

Maps:  One-inch  New  Ser.  Ordnance  and  Geological,  229;  six- 
inch  Carmarthen  53  N.E. 

New  Quarry:  Latitude  51°  44'  57".     Longitude  4°  16'  25'. 
Llyn  Quarry:  Latitude  51°  45'  19".     Longitude  4°  16'  5'. 
Geological  age:  The  Basal  Grit  of  the  Millstone  Grit. 
The  New  Quarry  shows  the  following  section :  — 

Ft. 

Qttartztte,  groyish-wKito,  coarse  and  pebbly  in  places...  8 

QuAUTzrTK,  white,  fiiu-grained  (working)           20 

Black  shales  (not  worked) 5 

Quartzite,  white,  fine-grained  (working)           6 

Black  .iiid  grey  shales  (not  worked)          5 

QuARTZTTE,  wliitc,  Occasionally  reddened,  with  one  or 

two  scams  (about  i  in.  thick)  of  buff  clay       12 

Buff    and    black    shales    and    fine-grained    sandstones, 

exposed  to  depth  of  one  or  two  ft.  in  centre  of  quarry. 
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All  the  beds  of  quartzite  described  in  the  section  above  as 
working  are  quarried  for  silica-brick  making.  The  top  bed,  which 
is  worked  on  the  eastern  side  of  the  quarry,  is  too  coarse  and 
pebbly  lor  this  purpose,  and  is  ground  and  sold  as  '  coarse  silica- 
sand. 

On  the  eastern  side  of  the  quarry  the  beds  dip  S.  10°  E.  at 
20°-25°,  but  on  the  western  side  the  dip  is  southward. 

Description  of  rock. 

11607.  New  Quarry.  Moderately  fine-grained  pale  pinkirh-grey  quartzite,  well 
silicified  and  veined  with  secondary  silica.     Grains  angular,  and  about  0"1  to  0"2  mm. 

Reserves:  Ample  in  direction  of  strike  towards  E.  10°  N.,  and 
toward  dip,  but  to  north-west  the  beds  are  cut  of£  by  the  Carboni- 
ferous Limestone,  and  on  the  south-west  by  low  ground  covered 
with  boulder-clay. 

The  Llyn  Quarry  shows  the  following  section :  — 

Ft. 
Sandstone,  white,  fine-grained,  beds,  somewhat  broken  ; 

thickness  at  east  end  of  quarry             ...         ...         ...  12 

Black  shales  (not  worked)  ...         ...         ...          ...         ...  1 

Sandstone,  white,  fine-grained  (working)           ...         ...  6 

Black  shale  (not  worked)    ...         ...         ...         ...         ...  li-2 

Sandstone,  white,  fine-grained  (working)          ...         ...  12 

Black  and  bufF  shales  (working)     ...         ...         ...         ...  4-6 

Sandstone,  white,  fine-grained  (working)          ...         ...  12 

Black  Shales  (working) lJ-2 

Sandstone,  white,  soft  and  yellowish  in  patches  in  upper 

part  (worldng)       ...         ...         ...         ...         ...         ...  18 

The  sandstones  at  this  quarry  are  comparatively  soft,  and  are 
only  occasionally  quartzitic. 

Description  of  rocks. 

11608.  Llyii  Quarry.  Por  silica-sand.  Medium-gi-ained,  soft  and  friable  white 
sandstone.  Somewhat  pebbly,  and  slightly  felspat hie.  Grains  angular,  and  averaging 
about  0*2  to  0"3  mm. 

1 1609.  Same  Locality.  Hard  variety.  Fine-grained  well-silicified  white  quartzite. 
Free  from  iron-staining.  Grains  average  0-15  to  0-2  mm.  Some,  of  the  nature  of 
pebbles,  reach  a  much  larger  diameter.  Sub-angular.  Almost  entirely  quartz,  with 
a  little  chert,  in  a  siliceous  matrix  that  does  not  carry  any  impurity  of  consequence. 

Reserves :  The  beds  form  an  anticline  with  a  gentle  southward 
pitch,  and  appear  to  be  bounded  on  the  east  and  west  by  faults 
or  lines  of  subsidence  that  bring  up  the  Carboniferous  Limestone. 
The  breadth  of  the  strip  between  the  faults  is  about  2U0  yards. 
The  reserves  are  unknown,  but  are  ample  for  present  requirements. 

Products :  The  sandstone  is  ground  for  '  silica-sand  '  and  the 
shales  are  said  to  be  used  as  a  binder  in  the  manufacture  of 
silica-brick. 

The  finished  products  made  from  the  raw  materials  of  both 
quarries  are  silica-bricks  of  various  shapes  and  sizes,  silica- 
cement,  ground  ganister  of  several  kinds,  hearth-sand,  steel- 
moulder's  composition  and  paint,  etc. 

Market :  Steel,  iron  and  other  works  in  South  "Wales  and  Mon- 
mouthshire and  Scotland;  also  exported  abroad. 

Transport :  The  raw  rnaterials  are  carted  from  the  New  Quarry 
— ^half  a  mile — and  from  the  Llyn  Quarry — li  miles — to  a  siding 
on  the  Gwendraeth  Valley  Railway,  and  conveyed  thence  to  the 
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works  at  Kidwelly  (2  miles).  The  cartage  from  the  New  Quarry 
to  the  siding  is  about  to  be  superseded  by  a  tramway.  The  goods 
are  put  on  rail  at  sidings  on  the  Great  Western  Railway,  adjacent 
to  the  works. 

H.  &  H.  E.  Smart. 
Kidwelly. 

Works:  'R'  Diuas  Works,  adjacent  to  Gwendraeth  Valley 
Railway,  i  mile  S.  of  Kidwelly. 

The  raw  materials  are  obtained  from  the  quarries  (New  Quarry 
and  Llyn  Quarry)  that  supply  Messrs.  Stephens  &  Co.,  Kidwelly 
(p.  131). 

Products :  Silica-bricks  of  various  sizes  and  shapes. 

Market :  Steel,  iron  and  otber  works  in  South  Wales  and  Mon- 
mouthshire, South  Staliordshire  and  Scotland. 

Transport:  Goods  are  put  on  rail  at  a  private  siding  on  the 
Gwendraeth  Valley  Railway  adjacent  to  the  works,  and  thence 
are  carried  about  i  mile  to  the  Great  Western  Railway  at 
Kidwelly  Station. 

Br YN AMMAN    SiLICA    Co. 

Brynamman. 

Gareg-fraitli  Quarry  and  Black  Mountain  Sand-pit. 

Quarries :  Situated  on  south-eastern  slope  of  Gareg-fraith, 
opposite  the  tenth  milestone  from  Llangadock,  and  2  miles 
N.N.E.  of  Brynamman. 

Black  Mountain  Sand-pit,  \  mile  N.  of  Pen-rhiw-wen,  3  miles 
N.NE.  of  Brynamman. 

Maps:  One-inch  New  Ser.  Ordnance  and  Geological  230;  six- 
inch  Carmarthenshire  42  N.E.  (Sand-pit)  and  42  S.E.  (Gareg- 
fraith  Quarry). 

Gareg-fraith  Quarry:  Latitude  51°  50'  13".  Longitude 
3°    51'   43". 

Black  Mountain  Sand-pit.  Latitude  51°  51'  10".  Longitude 
3°  50'  35". 

Geological  age :  Millstone  Grit. 

Black  Mountain  Sand-pit. — The  material  dug  consists  of  disin- 
tegrated debris  of  the  Basal  Grit  of  the  Millstone  Grit,  let  down 
below  its  proper  position  and  disturbed  by  the  solution  of  the 
underlying  Carboniferous  Limestone. 

The  pit  showed  (Nov.,  191(3)  the  following  sequence  :  — 

Ft. 
White  and   brownish-wliiti-  sand,  soft  and  incoherent, 

with  beds  of  harder  white  sandstone  ;  about  ...         ...  12 

Black  and  buff  clay,  with  coaly  smuts  ;  a  2  J  ft.  lenticle 

of  coal  exposed  at  northern  end  of  pit...         ...         ...  6 

White  sand,  soft  and  incoherent,  said  to  be         ...  ...  20 

Traces  of  the  original  bedding-planes  are  discernible.  Their 
high  dip  (50°  to  60°)  and  variable  direction  testify  to  the  extent 
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to  wliicli  disturbance  has  accompanied  tlie  subsidence,  as  the  dip 
in  the  undisturbed  Carboniferous  Limestone  in  adjacent 
exposures  does  not  exceed  10°. 

Reserves :  Probably  considerable,  but  no  definite  forecast  can 
be  made. 

Products :  The  harder  white  sandstone  is  crushed  between 
rollers  at  the  sand-pit  for  ground  ganister;  the  incoherent  sand  is 
sold  as  'silica-sand,'  and  the  clay  as  '  plastic  clay.' 

Market:  Steel  and  copper  works  in  South  Wales  and  Mon- 
mouthshire. 

Transport :  The  products  are  carried  4  miles  by  road  (down- 
hilL)  in  steam-traction  waggons  to  Brynamman  Station  (G.W.H. 
and  M.R.). 

Gareg-fraith  Quarry. — This  is  about  to  be  opened  for  silica- 
stone.  Up  to  the  present  (Nov.,  1916)  the  firm  have  sold  loose 
blocks  of  quartzite  gathered  on  the  surface. 

The  material  to  be  quarried  is  quartzite  forming  the  topmost 
part  of  the  Basal  Grit  of  the  Millstone  Grit,  of  which  there  are 
unlimited  reserves,  except  to  the  south-east.  In  this  direction 
the  Basal  Grit  soon  passes  under  the  Middle  or  Shale  Stage 
(p.  123). 

Description  of  rocks. 

11632.  '  Ganister.'  Fine-grained  grey  quartzose  sandstone  or  quartzite.  Slight 
iron-staining  on  joints  and  cracks.  Grain  angular,  about  O'Oo  nxm.  Mainly  quartz. 
Detrital  heavy  minerals  moderately  abundant. 

11617.  Rock  about  to  be  quarried.  Paje-grey  to  pink  quartzo.se  sandstone,  nearing 
quartzite.  Grains  sub-angular  O'l  to  0'2  mm.  Composed  of  quartz,  fine-grained 
siliceous  rocks  and  decomposed  felspars,  quartz  being  the  most  abundant.  The 
cement  is  siMceous  but  turbid  with  ferruginous  and  argillaceous  impurity. 

11621.  Silica-sand.  Palest-gi-ey  to  white,  laminated  friable  sandstone.  Breaks 
down  to  fine  silica-sand.     Grains. sub-angular  0'  1  to  0*  15  nun. 

Market :  Hitherto  the  loose  quartzite  blocks  have  been  sold  for 
the  manufacture  of  siiica-bricKs  to  various  makers  and  to  a  few 
steel-firms  who  make  their  own  bricks. 

Transport:  The  materials  will  be  carried  2^  miles  by  road 
down-hill  to  Brynamman  Station. 

Black  Mouxtaix  Silica  Co.,  Ltd. 
Upper  Cwmtwrch. 
Blaen-Llynfell  Pit  and  Black  Mountain  Silica-Stone   Quarries. 
Works:  Grinding-mill  by  the  side  of  the  Hiver  Twrch,  west 
of  Pen-y-wern  Farm,  2j  miles  iV.W.  of  Ystradgynlais. 

Quarries :  Blaen-Llynfeli  Sand-pit,  at  the  source  of  Kant  Llyn- 
fell,  4  miles  N.  of  Cwmtwrch. 

Black  Mountain  Silica-stone  Quarries ;  shallow  quarries  in  crags 
of  quartzite  on  Pen-yr-alleg,  on  the  Black  Mountain,  between  the 
Bivers  Twrch  and  Llynfell,  and  3  miles  N.  of  Cwmtwrch. 

Maps:  One-inch  New  Ser.  Ordnance  and  Geological  230;  six- 
inch  Carmarthenshire  43  S.W. 

Blaen  Llynfell:  Latitude  51°  50'  35".     Longitude  3°  47'  38". 
Black  Mountain:  Latitude  51°  49'  40".     Longitude  3°  47'  35". 
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Geological  age :  Millstone  Grit. 

The  materials  dug  at  the  Sand-pit  are  from  disintegrated  beds 
of  the  Basal  Grit  oi  the  Millstone  Grit,  let  down  by  subsidence 
of  the  underlying  Carboniferous  Limestone. 

The  pit  shows  the  following  sequence  :  — 

Ft. 

Sandstone,  soft,  white         6 

Clay,  sandy,  blacki.sh-brown  ...  ...  ...         ...  4  J 

Sandstone,  .soft,  whitish  (working)         ...         ...         ...  9 

Clay,  brownish  (working) 3 

Sands,  soft  and  incoherent,  white  and  brownish,  with 
occasional    beds   of    pebbly   greyish-white   sandstone 

(working),  seen  for  ...         ...         ...         ...         ...  20 

All  the  beds  are  more  or  less  vertical ;  the  clay-bands  are  lenti- 
cular. About  oUO  yards  to  the  south,  new  openings  are  being  made 
into  similar  materials;  the  pits  are  at  present  about  20  ft.  deep 
and  15  ft.  wide. 

The  materials  are  dug  with  pick  and  shovel,  placed  separately 
in  tubs  on  rails  and  drawn  by  horses  1  mile  to  the  top  of  an 
inclined  plane,  by  which  they  descend  by  gra^dty  (single-rope 
haulage)  1|^  miles  to  the  grinding-mill. 

Reserves :  Limited  to  the  north-west  by  an  outcrop  of  Carboni- 
ferous Limestone;  in  other  directions  the  grit  debris  appears  to 
be  plentiful. 

Products :  The  sands  and  sandstone  are  passed  between  grooved 
rollers  and  sent  out  as  'ground  ganister  '  and  'silica-cement.' 
The  clay  is  used  in  the  manufacture  of  '  ground  ganister.' 

Market:  Messrs.  Baldwins,  Ltd.,  Landore,  near  Swansea. 

Transport :  The  finished  products  are  put  on  rail  at  the  mill 
and  sent  to  Gwys  Station  (M.K.). 

At  the  Black  Mountain  Stone  Quarries,  one  quarry  shows  12  ft. 
of  grey  quarlzite,  hard  and  fine-grained;  the  other,  in  a  lower 
bed,  shows  9  ft.  of  bluish-grey  quartzite,  hard  and  fine-grained 
and  somewhat  lighter  in  colour  at  the  top.  The  beds  dip  S.S.E., 
at  15°. 

These  quarries  are  situated  about  200  yards  S.E.  of  the  engine- 
house,  at  the  top  of  the  incline  mentioned  above.  The  stone  is 
carried  in  tubs  on  rails  to  the  incline. 

Dtscriplion  of  rocks. 

116.3.3.  Quartzite  for  bricks.  Palest-buff,  moderately  fine-grained  quartzite.  Well 
siUcified.  Mainly  quartz.  A  Little  chert.  No  felspars  or  niicas.  Grain  angular, 
about  0"  1  to  0"  15  mm.     Cement  siiiceoua.     Impurities  in  small  amount  only. 

11631.  'Blue  Stone.'  Bottom  bed  near  Engine  House.  Fine-grained,  lerey,  iron- 
atained  quartzite.  Slightly  micaceous.  Grain  angular,  0'05  to  O'l  mm.  Very 
similar  to  11629. 

11624.  Soft  Sandstone.  Moderately  coarse-grained,  white,  kaolinitic,  incoherent 
sandstone.     Breaks  down  between  the  fidgers.     Grain  sub-rounded  0''4  to  0'5  mm. 

Reserves:  Unlimited. 

Market :  The  whole  of  the  stone  is  employed  for  the  manufac- 
ture of  silica-bricks  at  Messrs.  Baldwins,  Ltd.,  Landore,  for  the 
firm's  own  use. 
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Lime  Firms,  Ltd. 
Cilyrychen  Lime  Works,  Llandybie. 
Glangwenlais  Quarry. 
Works :  Grinding-mill,  about  200  yards  east  of  the  quarry. 
Quarry :  Glangweulais   Quarry,   1  mile  north-west  of  Llandy- 
bie, 2  miles  N.  of  Ammanford. 

Ma'ps :  One-inch  New  Ser.   Ordnance  and  Geological  230;  six 
inch  Carmarthenshire  41  S.E. 
Latitude  51°  49'  40".     Longitude  4°  1'  20". 
Geological  age :  Basal  Grit  of  the  Millstone  Grit. 
The  quarry  shows  the  following  section:  — 

Ft. 

QUABTZITE,  whitish  (working)       18 

iJark  shale     ...         ...         ...         ...         ...  ...  ...  IJ 

QuABTZiTE,  wiiitish  (working)       ...         ...         ...         ...  7 

Dark  shale     ...         ...         ...         ...         ...         ...         ...  li 

QuAETZiTE,  whitish  (working)      12 

Dark  shale 2 

QuAKTZiTE,  whitish  (working)       ...  ...         ...         ...  15 

The  beds  dip  S.E.  at  12^.  The  beds  are  limited  to  the  north 
west  by  the  emergence  of  the  Carboniferous  Limestone,  and  to 
the  south-east  by  another  property.  Eastwards  the  Basal  Grit 
is  cut  off  by  a  fault  that  brings  up  the  Carboniferous  Limestone. 
The  stone  is  worked  as  an  open  quarry. 

Description  of  rocks. 

11605.  Fine-grained  compact  grey  ochre-spotted  quartzite.  Moderately  well 
silicified.  Composed  of  closely-packed  sub-angular  quartz-grains,  average  size  about 
0'  1  to  0'075  mm.  Cement  siliceous  with  a  little  ferruginous  matter.  Chert-graina  are 
not  infrequent. 

11618.  Another  sample.  Pale  grey,  ochre-spotted  and  streaked  quartzite.  Well 
silicified.  Grain  angular,  average  0"2  mm.  Mainly  quartz  with  a  little  chert  but 
practically  no  felspar  or  mica.     Cement  siliceous  and  fairly  free  from  impurity. 

Reserves :  There  are  ample  reserves  to  the  south-west. 

Products :  Some  of  the  stone  is  sent  out  as  '  ground  silica  '  for 
open-hearth  steel  furnaces,  and  the  rest  is  sold  in  the  lump  to 
makers  of  silica-bricks. 

Market :  Lump  stone  for  silica-bricks  to  Landore,  near  Swan- 
sea. Ground  silica  to  steel-works  in  the  Swansea  district  and  in 
Monmouthshire. 

Trans'port :  The  stone  is  conveyed  in  tubs  on  rails  to  the 
grinding-mill.  At  the  mill  the  products  are  put  on  rail  at  a 
private  siding  on  a  mineral  line,  G.W.R.,  by  which  they  are 
conveyed  2f  miles  to  Tirydail  Station  (G.W.R.  and  L.  &  N.W.R.). 

GLAMORGAN. 
The  Vale  of  Neath  Dinas  Fire-brick  and  Cement  Co.,  Ltd. 

Glyn  Neath,  Neath. 
Bwamaen  and  Kilhepste  Quarries. 
Works :  Pont  Whalby  Works,  Glyn  Neath,  about  i  mile  west 
of  Pont  Whalby  Halt,  G.W.R.,  and  4  miles  west  of  Hirwaun. 

Quarries :  Bwamaen  Quarry  and  Kilhepste  Quarry  are  situated 
respectively  west  and  east  of  the  River  Sychnant,  and  about  i  mile 
north  of  Pen-cae-drain  Farm,  3  miles  west-north-west  of  Hir- 
waun. 
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Ma'ps :  One-inch  New  Ser.  Ordnance  and  Geological  231 ;  six- 
inch  Glamorgan  10  N.E.  (Bwamaen  Quarry),  and  Brecknock  44 
S.E.  (Kilhepste  Quarry). 

Bwamaen  Quarry:  Latitude  51°  45'  32".  Longitude 
3°  34'  15". 

Kilhepste  Quarry :  Latitude  51°  45'  32".  Longitude 
3°  34'  10". 

Geoloyical  age:  The  Basal  Grit  of  the  Millstone  Grit. 

At  both  quarries  the  section  is  similar.  The  dip  is  S.  15°  E. 
at  13°,  but  increases  to  22°  near  a  fault,  which  throws  the  beds 
against  Carboniferous  Limestone.  The  quarry-faoe,  which  is 
nearly  100  ft.  high  and  is  worked  in  benches,  shows  the  follow- 
ing beds :  — 

Ft. 

'  Silica  Skam  '  with  '  'and  '  or  wcatiiercd  rock  (used  for 

ganistcr  mixture) ...          ...          ...          ...          ...          ...  IS 

Clay  (black  shale) 15 

'  White  Seam  '  good  silica-rock  with   '  spar  '  (quartz- 

congiorat  rate),  the  'spar  '  used  for  gani;;ter  ...         ...  20 

Black  shale  (useless)             ...         ...          ...          ...          ...  3 

'  Yellow  Bed  '  (best  silica)         16 

Black  Hhalo  (sold  for  furnace-seatings)      ...          ...         ...  4 

'Red  Bed  '  (good  silica) 18 

The  best  stone  is  fine  round-grained  quartzite.  The  quartz- 
conglomerate  contain.s  pebbles  up  to  3  or  4  in.  long  of  vein-quartz 
set  in  a  quartzose  matrix  ;  this  is  crushed  and  milled  for  ganister- 
mixture. 

Description  o/  rock. — 11(5154.  "  Yeilow  Bed.'  Fine-gi-ained  grey-.striped  quartzose 
sandstone.  Slightly  micaceous.  Grain,  sub-angular  to  angular.  Average  size 
O'lo  mm.  Compo.scd  maiulj^  of  quartz  with  a  small  amount  of  chert.  The  rock 
contained  abundant  felspar  which  has  now  decomposed  into  micaceous  aggregates 
and  in  part  acts  as  cementing  material.     Cement  partly  siliceous,  partly  argillaceoiia. 

The  black  shale  is  ground  and  mixed  with  silica-rock  in  pro- 
portion of  four  of  silica-rock  to  one  of  black  shale.  The  weathered 
quartzite  near  the  surface  is  useil  iu  ganister-mixture  and  for 
cement. 

The  materials  are  taken  from  the  quarries  to  the  works  by  a 
horse-tram,  the  distance  being  about  2  miles. 

Reserves :  Abundant. 

Products:  Ganister-mixture  ground  under  special  edge-runners 
to  ^-iuch  size.  ISilica-brick  in  the  usual  shapes;  other  shapes  and 
sizes  of  silica-goods  manufactured  to  order.  Also  ground  silica- 
sand  for  mortar,  and  ('oment  for  regenerative  gas  furnaces, 
puddling  furnaces  and  coke  ovens.  Firebricks.  Trade-mark 
'SY.' 

Market :  Local  steel  and  copper  works,  also  to  gas,  glass  and 
railway  engine  works.  Steel  works  in  Shefiield,  Glasgow,  Crewe 
and  Wolverton.     Exports  to  France,  Italy  and  Bombay. 

Transport :  By  Great  Western  Eailway,  Glyn  Neath  Station, 
which  is  adjacent  to  the  works. 
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J.  B.  Jenkins  &  Co. 
Diiias  Fire  Brick  and  Cement  Works,  Neath. 

Works :  Dinas  Fire  Brick  and  Cement  AVurks,  in  Neath, 
between  the  river  and  the  Neath  Canal ;  the  Great  Western 
Railway  main  line  is  about  300  yards  distant. 

Maps :  One-inch  New  Ser.  Ordnance  and  Geological  247. 

Raw  material  is  obtained  from  Penwyllt  Company's  quarries 
at  Penwyllt  (p.  125). 

Products :  Silica-bricks  of  all  shapes  and  sizes,  according  to 
specification.     Trade-mark  '  J.B.J. ' 

Market :  Steel  works  in  South  Wales,  the  Midlands,  Sheffield, 
Lancashire  and  Scotland.  Exported  to  Japan,  Italy  and  South 
Africa. 

Abernant  Dinas  Silica-beick  and  Cement  Co. 

(Standing,  1916.) 

Glyn  Neath. 

Ton-y-gilfach  and  Lluest  Quarries. 

Works :  At  Abernant,  Glyn  Neath,  5  miles  west  of  Hirwaun. 

Quarries  :  Ton-y-gilfach  and  Lluest  Quarries,  situated  on  either 
side  of  the  River  Neath,  about  4  miles  W.N.W.  of  Hirwaun,  and 
about  li  mile  N.E.  of  Glyn  Neath. 

Maps :  One-inch  New  Ser.  Ordnance  and  Geological  231 ;  six- 
inch  Glamorgan  4  S.E.  (Ton-y-gilfach  Quarry);  Brecknock  44 
S.E.   (Lluest  Quarry). 

Ton-y-gilfach:  Latitude  51°  45'  55".     Longitude  3°  35'  50". 

Lluest  Quarry:  Latitude  51°  45'  55".     Longitude  3°  35'  40". 

Geological  age :  Basal  Grit  of  the  Millstone  Grit. 

The  rocks  worked  are  hard  quartzite  or  '  blue  silica-rock '  and 
conglomeratic  quartzite. 

The  '  blue  silica  '  makes  the  best  quality  of  silica-brick.  The 
pebbly   grit    is   rejected. 

Reserves :  Abundant  in  the  old  levels  at  Ton-y-gilf ach  and 
at  Lluest,  beneath  the  Coal  Measures;  there  is  no  trouble  from 
water,  as  the  galleries  are  above  adit-level,  and  little  from  waste 
and  partings. 

Products :  Silica-bricks  of  usual  patterns  and  sizes,  and 
ganister-mixture . 

Market:  Glass,  chemical  and  steel  works  in  England;  also 
exported  abroad. 

Transport :  The  works  are  connected  by  a  siding  at  Glyn  Neath 
with  the  Great  Western  Railway. 

Me.  a.  L.  White. 

The  Tawe  Clay  Works  Company. 

Morriston. 

Works :  The  Morriston  Silica  Brick  Works,  situated  beside 
the  Swansea  and  Clydach  road  and  ^  mile  from  Morriston  Station, 
Midland  Railway. 
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Maijs :  One-iiicli  New  Ser.  Ordnance  and  Geological  247;  six- 
inch  Glamorgan  3  S.W.,  9  N.W.,  8  N.E.  and  8  S.E. 

Geological  aye:  Millstone  Grit.  [Boulders.] 
The  silica-rock  is  collected  from  the  River  Tawe,  between 
Upper  Cwmtwrch  and  Pontardawe,  especially  n-ear  Ynyscu  and 
Ystalyfera.  There  are  many  banks  of  boulders  and  large  pebbles 
of  quartzite,  which  are  selected  and  carted  about  2  miles  to  the 
factory.     No  quarried  stone  is  used. 

Reserves :  Large,  and  more  or  less  replenished  every  winter. 

Products :  Silica-bricks  of  all  sizes  and  shapes,  and  specials. 
Trade-mark  *Tawe.' 

Market :  Mostly  local ;  no  export  trade. 

Transport:  Siding  at  Morriston  Station,  G.W.R. 

Guest,  Keen  &  Nettlefolds,  Ltd. 
Dowlais. 

Bryniau  Quarries. 

Works:  Brickworks  at  the  Company's  Dowlais  Iron  Works,  1 
mile  S.E.  of  the  quarries. 

Quarries:  Bryniau  Quarries,  1  mile  N."VV.  of  Dowlais. 

Maps :  One-inch  New  Ser.  Ordnance  and  Geological  231 ;  six- 
inch  Glamorgan  6  S.W. 

Quarry  No.  1 :  Latitude  51°  46'  23".    Longitude  3°  22'  20". 
Quarry  No.  2:  Latitude  5P  46'  23".     Longitude  3^  22'  10". 

Ganister  Quarry:  Latitude  5P  46'  20".  Longitude 
3°  21'  57". 

Geological  age :  Millstone  Grit. 

At  No.  1  Quarry,  fu  which  are  exposed  about  16  ft.  of  pebbly 
white  quartzite  under  10-15  ft.  of  boulder-clay,  the  rock  belongs 
to  the  lowest  beds  of  the  Millstone  Grit.  The  dip  is  S.S.E.  at 
25°,  in  which  direction  there  are  reserves. 

Quarry  No.  2,  which  is  about  200  yards  E.  of  No.  1,  and  in 
beds  of  about  the  samQ  geological  horizon,  shows  14  ft.  of 
orownish-  and  whitish-grey  quartzite,  in  places  pebbly.  The  dip 
is  S.  at  about  10°,  and  there  are  reserves  in  that  direction. 

The  Ganister  Quarry,  about  300  yards  S.E.  of  No.  2,  is  in 
slightly  liighcr  beds,  and  s.liows  4[,  ft.  of  giovish-browu  and  grey 
quartzite.  This  is  ground  under  edgo-runners  and  mixed  with 
tar.  This  mixture  is  used  by  the  company  for  encasing  tuyeres 
and  for  lining  converter  bottoms. 

Description  of  rockt. 

11637.  'Ganister.'  Palo-bufT,  moderately  linc-grainecl  quartzosc  sandstone. 
Slighth'  iron-stained  on  joint-faces.  An  impure  rock  comjiosed  of  unequal-sized 
quartz-LTains,  chert,  and  fel.sitc-fragments  with  decomposed  fcls|)ar  iji  a  matrix  which 
is  partly  siliceous,  jmrtly  argillaceous.  Iron  compounds  are  present  in  ."small  quantities 
throughout  the  rotrk. 

11638.  Rock  used  for  furnace-heaith  sand.  Pale  grey-buff  conglomeratic  quartzose 
sandstone.  Pebblea  \\\>  tn  J  in.  The  matrix  contains  a  fair  amount  of  argillaceouB 
material  and  the  siiicificatiun  is  imcomplcte. 
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Products :  Tlie  rock  from  Nos.  1  and  2  Quarries  is  used  for 
silica-brick,  and  is  also  ground  under  edge-runners  for  hearth- 
sand,  mortar,  and  as  an  ingredient  in  firebricks.  These  products 
are  used  by  the  company  at  their  Dowlais  Works. 

Transport :  The  raw  materials  are  carried  in  trucks  on  rails  to 
the  brickworks  at  Dowlais. 

Mr.  J.  E.  Cornelias  Lloyd. 

Morriston,  Glamorgan. 
Tlie  Stormy  Dinas  Silica  Quarries. 
Works :  Postal  address,  Kenfig  Hill. 

Quarries  on  Stormy  Down,  to  the  south  of  the  Great  Western 
E-ailway,  between  Bridgend  and  Pyle. 

Maps :  One-inch  New  Ser.  Ordnance  and  Geological  262 ;  six- 
inch  Glamorgan  40  N.W. 

Latitude  51°  aT  9".     Longitude  3°  39'  48". 

Geological  age :  Rhaetic. 

The  rock,  which  has  been  worked  on  a  small  scale  for  a  number 
of  years  in  small  openings  scattered  over  Stormy  Down,  is  a 
sandstone  of  variable  character.  The  quarries,  which  lie  south- 
west of  the  Stormy  Lime-works,  show  about  20  ft.  of  massive 
sandstone  much  like  a  Carboniferous  sandstone ;  it  rests  upon  and 
contains  thin  seams  of  greenish  clay.  A  white  variety  of  the 
stone  has  been  extensively  quarried  west  of  Pyle  Church.^ 

In  the  quarry  now  being  worked  20  ft.  of  very  fine-grained 
greenish  argillaceous  sand  underlies  the  solid  rock. 

Description  of  rock. — 11794.  Pale  greenish-grey,  moderately  coarse-grained  and 
somewhat  friable,  sand.stone.  The  rock  consists  mainly  of  quartz-grains  (0"15  to 
0*2  mm.)  with  a  fair  admlxtm-e  of  grains  of  chert,  felsite,  microcline  and  other  felspars. 
The  cementing  material  is  weak  but  appears  to  be  secondary  silica  which  has  produced 
a  secondary  enlargement  of  the  quartz-grains. 

Reserves :  Fairly  large. 

Products :  Silica-rock  supplied  to  silica-brick  makers,  and 
ground  stone  for  furnace-lining. 

Transport :  From  goods  siding.  Stormy,  near  Pyle,  G.W.R. 

PEMBEOKESHIRE. 

Templeton  Dinas  Silica-Brick  &  Cement  Co.,  Ltd. 

Glyn -Neath,  Neath. 

Clegars  Castle  Quarry. 

Works :  About  400  yards  north  of  the  quarry  and  adjacent  to 
Templeton  Station  (Great  Western  Railway),  near  Narberth, 
Pembrokeshire. 

Quarry :  Called  Clegars  Castle  Quarry,  at  Templeton,  2  miles 
south  of  Narberth. 

1  See  'The  Country  around  Bridgend  '  QMem,  Geol.  Sun:),  1904,  p.  55. 
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Maps:  One-inch  New  Ser.  Ordnance  228;  Old  Ser.  Geological 
40  S.E.;  six-inch  Pembrokeshire  35  N.W. 
Latitude  51°  45'  40".     Longitude  4°  44'  0". 
Geological  age :  The  Basal  Grit  of  the  Millstone  Grit. 
The  following  section  is  exposed  in  the  quarry:  — 

QuAETZiTB,  (broken  (sometimes  used) 

Black  shales  ... 

QuARTZiTE,  whitish-grey,  current-bedded,  with  Stigmurin 

(working.')   ... 
Black  shales  ... 

Qxj.iRTzrrE,  whitish,  fine-grained  (working) 
Black  shales  ... 

QuAETZiTB,  bluJBh-grey  (workiDg)  

Black  shales  ... 

Qttartzite,  bluish-grey,  fine-grained  (working) 

Black  shale  (in  bottom  of  quarry)... 

Reserves :  The  dip  is  south  of  15°  to  25°.  The  beds  are  cut  off 
northward  by  the  emergence  of  some  underlying  shales,  westward 
by  the  Pembroke  and  Tenby  Railway,  and  eastward  by  a  low- 
lying  stream-course. 

Description  of  rock. — 11611,  Moderately  fine-grained  grey  ochre-spotted  and  streaked 
quartzite.  Composed  almost  entirely  of  angidar  grains  of  quartz,  0*  1  to  0*  3  mm., 
which  are  remarkable  for  the  number  of  their  liquid-  and  gas-filled  cavities.  The 
cement  is  siliceous.  Heavy  detrital  minerals,  more  especially  zircon  and  tourmaline, 
occur  somewhat  plentifully  in  moderately  large  crystals  and  grains  ananged  in  lines. 
Iron  occurs  in  small  quantity  as  minute  scales  of  specular  ore. 

Products :  Silica-bricks  of  various  shapes  and  sizes.  Silica 
cement. 

Market:  Steel  and  iron  works  in  South  Wales,  Sheffield  and 
Scotland. 

Transport :  The  raw  materials  are  carted  half  a  mile  by  road  to 
the  works,  and  the  manufactured  goods  are  loaded  on  to  the  rail 
at  Templeton  Station,  Great  Western  Railway  (Pembroke  and 
Tenby  Branch). 
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CHAPTER  X. 

SILICA-ROCK  AND  GANISTER— (conitnwe^). 

SCOTLAND. 

MATERIAL    IN    PRESENT    USE    FOR    SILICA-BRICKS. 

CENTRAL  VALLEY  OF    SCOTLAND. 

Stirlingshire,  Lanarkshire  and  Linlithgowshire. 

U'pper  Fireclay  and  Ganister  of  the  Millstone  Grit. 

The  name  U'p'per  Fireclay  lias  been  given  to  a  group  of  fire- 
clays and  ganisters  lying  in  the  upper  part  of  the  Millstone  Grit 
in  order  to  distinguish  them  from  the  similar  beds  of  the  Lower 
Fireclay  near  the  base  of  the  same  Series. 

In  the  Bonnybridge  district  of  Stirlingshire,  a  few  miles  to 
the  east  of  Falkirk,  the  economic  value  of  the  Upper  Fireclay 
seams  has  long  been  recognised,  and  the  beds  have  been  exten- 
sively worked ;  on  the  east  side  of  the  Lanarkshire  basin  fireclays 
and  ganisters  on  approximately  the  same  horizon  have  lately  been 
proved,  and  are  now  being  wrought  in  the  neighbourhood  of 
Torbanehill,  Whitburn,  and  Hareshaw,  Shotts. 

The  Upper  Fireclay  includes  both  refractory  clays  and 
ganisters.  These  are  worked  together  at  most  of  the  localities 
referred  to  below,  and  it  will  therefore  be  desirable  to  describe 
the  workings  as  a  whole,'  with  more  particular  reference  to  the 
ganisters ;  further  details  concerning  the  fireclays  will  be  given  in 
a  later  Report.  (Special  Reports  on  Mineral  Resources,  Vol.  XI Y.) 

In  some  cases  tiiere  are  two  or  three  seams,  both  of  fireclay  and 
ganister;  in  others  a  ganister  lies  between  two  thick  clays;  there 
is  also  generally  associated  with  them  a  somewhat  impure  coal, 
from  a  few  inches  up  to  2  ft.  in  thickness.  The  group  is  usually 
overlain  by  a  massive  and  very  pure  white  sandstone  (see  p.  145). 
The  ganisters  would  be  more  correctly  described  as  ganister-like 
sandstones ;  they  are  light-coloured,  fine-grained,  somewhat 
micaceous  sandstones,  fairly  uniform  in  texture;  the  grain  in 
the  Bonnybridge  rock  varies  from  01  to  0'075  mm. ;  the  matrix 
is  partly  siliceous  and  partly  argillaceous. 

The  Bonnybridge  ganisters  have  a  silica  percentage  of  91*73 
to  95'5  ;  alkalies  vary  from  026  to  0'30;  lime  percentage  from  a 
trace  only  to  0'45.^ 

The  ganister  rocks  of  the  Bonnybridge  district  are  for  the  most 
part  crushed  at  the  works  and  sold  in  the  ground  condition  to 
steel  manufacturers  for  lining  converters,  etc.  Mixtures  of 
ground  ganister  and  fireclay  are  also  supplied  to  foundries  and 
chemical  Morks. 


'  These   fibres  are  tp«k'^n  from  analyses  supplied   by  the   Bonnybridw  Fireclay 
Companies,  and  used  in  trade  circulars. 
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Bricks  made  from  these  ganisteis  with  a  certain  admixture  of 
fireclay  are  used  for  the  crowns  and  arches  of  steel  and  other 
furnaces;  for  coal-^as  retorts  and  coke-ovens.  They  have  replaced 
fireclay  bricks  in  many  industrial  processes  where  higher  refractory 
quality  is  required. 

STIRLINGSHIRE. 

The  firms  working  fireclay  and  ganister  in  the  Bonnybridge 
district  at  the  present  time  (1916)  are:  — 

James  Dougall  &  Sons,  Ltd. 

Bonnybridge. 
Bonny  side  Pit. 
Worhs :  The  Bonnyside  Fireclay  Works,  situated  at  the  pit. 
Mine :  Bonnyside  Pit,  at  Bonnybridge. 

Mays :  One-inch  New  Ser.  Ordnance  and  Geological  31 ;  six- 
inch  Stirling  30  N.W. 

Latitude  55°  59'  26".     Longitude  3°  52'  10". 
Geological  age :  Millstone  Grit. 
Section  of  working  :  — 


Sandstone  roof 
Top  Fireclay 

Coal 

Brown  stone  rib 

Coal     

Top  Ganisteb 
Mid  Fireclay 
Bottom  Ganister 
Bottom  Fireclay 
Rock  Pavement 


Ft.  in. 

2  9 
1  6 
0  4 

0  3 
.3  0 
5  0 

3  0 

1  8 


The  seams  vary  in  thickness  from  point  to  point,  the  full  work- 
ing ranging  from  13  to  22  ft.  The  shaft  is  17  fms.  in  depth. 
The  beds  are  wrought  on  the  '  stoop-and-room  '  system ;  the  top 
cla^  working  is  kept  about  9  ft.  in  advance;  the  coal  is  then 
stripped  olf  and  the  underlying  ganisters  and  fireclays  removed. 
The  coal  is  somewhat  pyritous,  but  is  used  as  fuel  for  boilers. 

The  Mid  Fireclay  is  regarded  as  the  best  seam;  it  provides 
suitable  material  for  patent  stoppers,  nozzles,  etc. 

Both  the  ganister  seams  are  wrought :  each  averages  about 
3  ft.  in  thickness.  The  top  seam  is  dark  in  colour  and  rooty,  and 
is  considered  the  better  of  the  two;  the  lower  ganister  is  white 
with  a  faint  yellow  tinge;  both  contain  small  flakes  of  muscovite. 

Description  of  rocks. 

195H4.  Bottom  gani'ter.  Very  similar  in  the  hand  specimen  to  the  Drum  Mine 
rocks.  It  is  similar  microscopically  except  in  containing  scattered  patches  and  grains 
•of  a  rhombohedral  carbonate,  probably  firriferous  dolomite. 

19535.  Top  ganister.  Fine-grained  ganister-like  sandstone.  Sim'lar  to  the  above 
but  finer  in  grain  (0'075  mm.)  and  greyer  in  tint. 

19536.  Top  ganister.  Dark  grey  mica-spangled  fine-grained  rock  with  mnch 
carbonaceoos  matter.  Siiiiilar  to  the  above  in  grain  but  with  more  argillaceou.s 
matter  in  the  matrix. 

K2 
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Reserves  :  Large. 

Producxs :  Ground  ganister — wet  and  dry;  foundry  mixture; 
ganister-bricks  for  furnace  crowns,  cupola  linings,  coke  ovens, 
etc. 

Transport :  Sidings  into  works  from  Bonnybridge  Station 
(North  British  Railway). 

Bonnybridge  Silica  and  Fireclay  Co.,  Ltd. 
Bonnybridge. 
Drum  Mine. 
Mine  and  worhs :  At  Bonnybridge,  close  to  Station. 
Mafs :  One-inch  New  Ser.  Ordnance  and  Geological  31 ;   six- 
inch  Stirling  30  N.W. 

Latitude  55°  59'  22".     Longitude  3°  52'  27". 
Geological  age :  Millstone  Grit. 
Section  of  workings  :  — 

Ft.  In. 

Sandstone  roof  ...         ...         ...         ...         ...         ...  — 

Top  Fireclay  I  t^ -^  ,tt    i  •  (50 

Coal  f  Fn-..t  Working -|  ^     ^ 

BroAvn  stone  rib        ...         ...         ...  .  ■          •  •  ■         •  •  •  0  .5 

Mid  Fireclay          1  j  2  0 

Ganister                   V  Second  Working \  3  0 

Bottom  Fireclay    )  f  6-8  0 

Locally  the  top  clay  is  wanting,  and  the  sandstone  rests  directly 
on  tlhe  coal;  the  seams  vary  considerably  in  thickness.  They 
were  formerly  worked  from  a  12  fm.  shaft,  but  are  now  raised  by 
a  mine.  The  method  of  working  is  practicalljr  the  same  as  at 
Bonnyside. 

The  ganister  averges  3  ft.  in  thickness;  it*  is  a  light-coloured, 
fine-grained  siliceous  rock. 

Description  of  rock. — 19552.  'Ganister.'  Fine-grained  palest  buff  micaceous  sand- 
stone with  plant -remains.  Grain  sub-angular,  about  Q-l  mm.  Mostly  quartz  with 
a  fair  proportion  of  white  mica  and  a  little  plagioclase  felspar.  Cement  siliceous  . 
Interstitial  matter  includes  some  ferruginous  compoimds. 

Reserves:  Large. 

Products:  Ground  ganister;  ganister-bricks  are  also  made. 
Transport:  From  sidings,  Bonnybridge  Station,  North  British 
Railway. 

Dykehead  Ganister  and  Firebrick  Co.,  Ltd. 

(Formerly  George  Turnbull  &  Co.). 

Bonnybridge. 

Dykehead  Mine. 

Mine :  Situated  at  Bonnybridge,  at  the  side  of  the  North 
British  Railway,  Glasgow  to  Edinburgh  line;  it  is  ^  mile  east 
of  Greenhill  Junction  on  the  Caledonian  Railway. 

Maps:  One-inch  New  Ser.  Ordnance  and  Geological  31;  six- 
inch  Stirling  30  N.W. 
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Latitude  55°  59'  21".     Longitude  3°  52'  45". 
Geological  aye  :  Millstone  (jrit. 

The  Dykehead  Fireclay  Mine  is  at  present  (1916)  being  extended 
and  deepened.  Hitlierto  only  fireclay  has  been  worked,  but  to  meet 
the  great  demand  for  silica  bricks  it  is  now  intended  to  use  the 
associated  ganister  seams.  A  railway  siding  is  being  made  to 
the  mine  at  Dykehead;  brick-works  are  in  course  of  erection, 
with  crushing  and  mixing  mills,  drying  sheds,  and  kilns  of  the 
continuous  Newcastle  type.^ 

At  the  new  works  an  output  of  500,000  bricks  a  month  is 
expected.  The  full  section  of  strata  which  it  is  intended  to  work 
is  not  yet  completely  opened  up  (Dec,  1916),  but  will  average 
some  24  ft.  in  thickness,  and  will  be  worked  in  three  benches.  A 
section  recently  examined  in  the  newly-driven  road  showed :  — 
Sandstone  roof  Ft.  In. 

1.  Fireclay         ...         ...         

2.  Coal  and  blacs 

3.  Fireclay        

4.  Ganister         

5.  Coal     

6.  Brown  rib 

Coal 

7.  Fireclay  and  Gaxister. 

1.  This  ia  a  very  variable  seam  and  elsewhere  in  the  field  reaches  a  thickness  of 
3  to  6  ft. 

2.  A  3  to  7  inch  dirty  coal,  apparently  very  constantly  present  and  a  useful  local 
index-mark. 

3.  Also  very  variable,  locally  ae  much  as  4  to  5  ft.  Both  1  and  3  contain  irregular 
patches  and  Jcnticlea  of  'ganister.'  Sometimes  indeed  the  ganister  predominates 
and  the  clay  occurs  aa  partings. 

4.  The  top  foot  or  so  of  this  seam  is  somewhat  faky  in  character,  the  rest  where 
seen  in  the  new  road  was  an  excellent  ganister,  pale-butf  in  colour,  fine-grained,  even- 
textured,  rooty  and  somewhat  micaceou-s. 

5.  Tyritous  coal,  averaging  about  1  ft.  2  ins. 

6.  Is  a  brownish  irony  rib. 

7.  Includes  fireclay  and  ganister  proved  in  borings,  but  not  j-et  fully  expo.sed  in 
the  mine.     The  combined  thickness  varies  from  12  to  15  ft.  and  is  composed  of 

Fireclay         

Gan'ster         2  to  3  ft.  (approx.) 

Fireclay 

This  ganister  may  occur  either  near  the  top  or  near  the  centre 
of  the  fireclay;  it  is  similar  In  character  to  the  upper  seam. 

Description  of  rock. 

19581.  Top  part  of  bed.  Fine-}.'raiiied,  pale-grey,  highly  micaceous  sandstone. 
Average  grain  about  0"05  mm.  iiainly  quarts  and  mica.  Omeutiug  material 
argillaceous,  but  has  locally  developed  carbonate  of  iron  in  small  crystals  and  patches. 
Ko  secondary  siUcitication. 

19582.  Lower  pjirt  of  bod.  Pale-grey  fine-grained,  soft  micaceous  sandstone,  with 
carbonaceous  sti-eaks.  Grain  angular,  about  0*05  to  0*1  mm.  Mostly  quartz  and 
mica.     Interstitial  matter  argillaceous.     Xo  secondary  siiidtication. 

Reserves :  Large. 

Products :  The  ganister  will  be  S')ld  hi  the  ground  raw  condition 
(both  wet  and  dry) ;  silica-bncks  and  blocks  will  be  made. 

'   These  are  now  (1917)  in  operation. 
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Glentards  Fireclay  Co. 

Greenhill,  Bonnybridge. 

Glenyards  Mine. 

Mine :  Situated  about  1  mile  west  of  Bonnybridge  Station,, 
^-mile  from  Greenhill  Station. 

Maps:  One-inch  New  Ser.  Ordnance  and  Geological  31;  six- 
inch  Stirling  29  N.E. 

Latitude  55°  59'  9".     Longitude  3°  53'  40". 

Geological  age:  Millstone  Grit. 

Fireclay  and  ganister  were  formerly  raised  here  from  a  shallow 
shait.  Owing  to  trouble  with  subsidence  and  water  the  old  work- 
ings were  abandoned  and  a  mine  driven  to  catch  the  seam  farther 
to  the  east. 

The  section  at  the  old  workings  was  variable,  but  averaged  as 
follows :  — 

'     Ft.  In. 


Sandstone  I'oof 

Sandstone  and  blaes         

3     0 

FoTTL  Coal,  up  to           

1     2 

FlBBCLAY    

5-7    0 

Ganister 

2    0 

FlEECLAY  

6-8    0 

Sand.stone  ... 

— 

The  section  is  much  the  same  as  at  Bonnybridge,  save  that  the 
top  clay  of  that  working  is  here  represented  by  sandstone  and 
blaes. 

No  ganister  is  raised  here  at  present  (1916) ;  the  seam  formerly 
wrought  was  1^  to  2  ft.  in  thickness,  and  lay  between  two  thick 
beds  of  fireclay. 

Products :  The  ganister  was  supplied  chiefly  in  the  milled  con- 
dition for  steel  converter  linings,  etc. 

Transport :  Sidings  into  works,  North  British  Railway. 

J.  G.  Stein  &  Co. 
Miln  quarter. 
Information  withheld. 


Campbell  &  Co. 

Falkirk. 

Roughcastle  Mine. 

Works  and  mine :  Situated  on  the  North  British  Railway  line, 
about  1  mile  east  of  Bonnybridge  Station. 

Maps :  One-inch  New  Ser.  Ordnance  and  Geological  31 ;  six- 
inch  Stirling  30  N.W. 

Latitude  55°  59'  43".     Longitude  3°  51'  0". 
Geological  age :  Millstone  Grit  and  Coal  Measures. 
Three  seams  of  fireclay  or  ganister  are  wrought  here ;  the  lowest 
of  these  is  in  the  Millstone  Grit,  and  occupies  the  same  position 
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as    the    Upper    Fireclay    of    Bonny  bridge.     The    section    is    a3 
follows :  — 

Ft.     In. 
Sandstone GO-80     0 


Fireclay  ... 

Coal 

Brown  ntone  rib 

Fireclay  ... 


:}  0 

1  8 

0  5 

5  0 


The  fireclay  underlying  the  coal  passes  locally  into  a  '  ganister  ' 
— a  somewhat  friable,  fine-grained,  micaceous  pale-grey  sand- 
stone, streaked  with  carbonaceous  material. 

The  two  higher  seams  wrought  at  Roughcastle  lie  at  the  base 
of  the  Coal  Measures.  The  first,  immediately  overlying  the 
Slatyband  Ironstone,  consists  of  5  ft.  of  fireclay,  with  an  under- 
lying 8-in.  coal.  It  is  mined  from  a  day-level,  and  the  clay  is 
mixed  with  ganister  for  the  manufacture  of  fire-bricks. 

The  upper  seam  immediately  underlies  the  Bonnyhill  Craw 
Coal,  the  section  showing :  — 

Inchts. 

Craw  Coal 20  to  22 

Ganister  or  Fireclay  18 

This  seam  is  a  firm,  somewhat  sandy  fireclay  and  passes  locally 
into  a  '  ganister  '  of  good  quality,  similar  in  character  to  the 
ganister  of  Bonny  bridge. 

Description  of  rock. — 19537.     Ganister  (Bonnybridge   Seam).      Fine-grained  pale- 
grey    micaceous    and    somewhat    friable    siliceous    rock.      Mostly    angular    quartz 
(0" 075-0"  1  mm.)  but  with  a  good  deal  of  white  mica  and  some  argiilaceouij  material. 

Reserves :  Large. 

Products :  Ganister  is  supplied  in  large  quantity  to  steel  works, 
both  in  the  dry  and  wet  state,  for  lining  purposes. 

The  roof  of  the  Upper  Fireclay  and  Ganister  horizon  of  the 
Millstone  Grit  is  formed  over  wide  areas  of  a  white  or  yellowish 
veiy  siliceous  even-grained  sandstone.  This  sandstone  is  often 
very  thick,  as  much  as  15  fms.  being  recorded  locally.  It  varies 
slightly  in  colour  and  grain,  both  laterally  and  vertically,  but 
massive  posts  of  very  pure  white  sandstone  occur.  At  Bonny- 
bridge this  sandstone  horizon  has  been  tried  as  a  source  of  material 
for  silica-bricks.  Test-bricks  answer  the  temperature  require- 
ments excellently  when  tried  in  a  steel  furnace,  but  are  rather 
too  triable.  Milk  of  lime  was  used  as  a  bond,  and  the  bricks 
produced  were  white  and  porous.  Experiments  in  the  production 
of  a  more  satisfactory  and  stronger  brick  by  using  different  bind- 
ing materials  might  be  profitably  undertaken,  as  there  is  a  large 
and  very  accessible  supply  of  rock. 

The  sandstone  is  well  seen  in  the  old  Glenyards  quarries  at 
Greenhill,  formerly  worked  for  building  stone,  and  on  the  slopes 
above  Glenyards  Fireclay  Works.  Just  north  of  the  old  quarry 
road  tlio  top  7  to  10  ft.  is  u  j)ure  white  sandstone,  passing  down- 
wards into  a  yellowish  rock.  The  top  portion  is  said  to  contain 
97  to  98  per  cent,  of  silica,  and  to  be  very  free  from  iron.  It 
should  furnish  excellent  material  for  furnace-hearth  linings. 
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LINLITHGOWSHIRE. 


United  Collieries,  Ltd. 
109,  Hope  Street,  Glasgow. 
Drum  Pits. 
Works:  Atlas   and  Etna  Brick  Works  at  Armadale,  about   \ 
mile  south-east  of  the  village. 

Mines :  Drum  Pits,  Torbanehill,  Whitburn,  rather  less  than 
1\  miles  south-east  of  Armadale  Station. 

Ma'ps :  One-inch  New  Ser.  Ordnance  and  Geological  31 ;  six- 
inoh  Linlithgowshire  9  S.W. 

Latitude  55°  52'  29".     Longitude  3°  39'  56". 
Geological  age  :  Millstone  Grit. 

The  beds  now  being  worked  in  this  locality  include  one  seam 
of  fireclay  and  a  thick  siliceous  sandstone.  The  general  sequence 
of  beds  is  as  follows:  — 

Fms. 
Strata — largely  sandstone  ...         ...         ...         ...  9-10 

Ft.  In. 

Top  Fireclay  of  Drum  Pits 0-8    0 

Dark  blaes  ...  ...         ...         ...         ...         ...  a  few  inches. 

Coal  0     S 

Fireclay 0    6-21 

The  bed  from  which  the  material  used  for  silica-bricks  is 
derived  immediately  overlies  the  toj>  fireclay.  It  is  a  fairly 
hard,  white,  medium-grained  sandstone  containing  scattered 
flakes  of  white  mica;  the  quartz  grains  are  sub-angular  and  th<9 
crushed  rock  produces  a  very  pure  quartz  sand.  At  least  24  ft. 
of  the  total  thickness  of  the  sandstone  is  of  a  quality  good  enough 
to  produce  a  high-class  silica-brick.  At  the  present  time  (1916) 
these  bricks  are  being  made  at  the  company's  works  at  Armadale, 
but  the  industry  is  still  in  the  experimental  stage. 

Reserves :  Large. 

Transport :  From  the  works  by  mineral  line  to  the  North 
British  Railway,  Glasgow  to  Edinburgh  line,  via  Bathgate. 

Siliceous  Sandstones. 

Certain  siliceous  sandstones  associated  with  the  Lower  Fire- 
clay of  Lanarkshire  are  also  used  to  a  limited  extent  for  the 
manufacture  of  '  ganister- '  or  '  silica- '  bricks  in  the  Garnkirk- 
Glenboig  district  and  at  Castlecary.    For  details  see  below. 

LANARKSHIRE. 

The  Glenboig  Union  Fireclay  Co.,  Ltd. 
48,  West  Regent  Street,  Glasgow. 
Gain  Mine. 
Works :  Situated  at  Glenboig. 
Mine:  Situated  1  mile  N.N.E.  of  Glenboig  Station. 
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Maps :  One-inch  New  Ser.  Ordnance  and  Geological  31 ;  six- 
incli  Lanark  2  iS.E. 

Latitude  55°  54'  40".     Longitude  4°  2'  0". 

Geological  age  :  Millstone  Grit. 

A  '  ganister  '  brick  is  made  Irom  the  siliceous  sandstone  which 
separates  the  main  seam  of  fireclay  from  the  '  blue  clay  '  above 
in  the  Gain  Mine.  This  sandstone  varies  much  in  thickness;  it 
sometimes  thins  down  to  a  mere  rib  and  never  exceeds  12  ft. 
The  material  is  railed  to  the  works  at  Glenboig.  1  mile  distant, 
for  manufacture  into  bricks  for  use  in  the  crowns  of  steel  furnaces 
and  coke  ovens. 

Gartcosh  Pit. 

Works :  Near  Gartcosh  Station. 

Pit:  Situated  1^  mile  W.S.W.  of  Glenboig. 

Maijs :  One-inch  New  Ser.  Ordnance  and  Geological  31 ;  six- 
inch  Lanark  7  N.E. 

Latitude  55°  53'  12".     Longitude  4°  4'  45". 

Geological  age  :   Millstone  Grit. 

A.  white  siliceous  sandstone,  lying  immediately  above  the  Lower 
Fireclay,  is  used  to  a  small  extent  for  the  manufacture  of  silica 
bricks  with  a  lime  bond. 

The  Heathfield  &  Cardowan  Fireclay  Co.,  Ltd. 

52,  Robertson  Street;  Glasgow. 

Heathfield  Pit. 

Works :  Heathfield  Fireclay  Works,   Gamkirk. 

Pit :  Situated  at  the  side  of  the  Caledonian  E-ailway,  ^  mile  to 
the  east  of  Garnkirk  Station. 

Maps:  One-iuch  New  Ser.  Ordnance  and  Geological  31;  six- 
inch  Lanark  7  N.E. 

Latitude  55°  53'  23".     Longitude  4°  6'  10". 

Geological  age :  Millstone  Grit. 

A  bed  of  siliceous  white  sandstone,  lying  about  22  fms.  above 
the  Lower  Fireclay,  is  here  ground  and  mixed  in  varying  propor- 
tions with  tlie  clay  for  the  manufacture  of  a  '  silica  '  brick.  These 
bricks  are  chiefly  supplied  to  gasworks  for  settings  and  producers; 
they  are  also  used  to  a  limited  extent  in  furnace  linings. 

Reserves :  Extensive. 

The  Clydesdale  Brick  &  Quarry  Co.,  Ltd. 
Auchenheath,  by  Hamilton. 
Auchenheath  Quarry. 
Quarry:  Situated  J   mile  from  xVuchenheath  Station. 

Maps:  One-inch  New  Ser.  Ordnance  and  Geological  23;  six- 
inoh  Lanark  24  S.E.  (The  revised  geological  map  is  in  course  of 
preparation.) 

Latitude  55°  40'  45".     Longitude  3°  53'  54'. 
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Geological  age :  Carboniferous  Limestone  Series,  Upper  Lime- 
stone Group,  immediately  below  the  Calmy  or  Gair  Limestone. 

Tbe  section  of  the  quarry  face  is  as  follows :  — 

Lime.stone  ... 
Blaes 

Limestone  (Calmy  or  Gair)         

Coaly  Kreclay      

Gbby  Rooty  Ganistee  3  ft.  6  ins.  {'  Ist  Silica  rock  ') 
Fireclay 

White  Sandstone  ('2nd  Silica  rock ')  

Freestone  (quarried  for  building  stone) 

Coarse  sandstone 

The  '  2nd  Silica  rock '  is  highly  siliceous,  the  percentage  of 
silica  is  reported  by  the  Company  as  rising  to  9922  per  cent. 

The  cover  of  boulder  clay  (4-10  ft.),  limestone  and  blaes  is 
stripped  off  in  advance,  and  the  '  silica  '  rocks  are  quarried  with 
the  freestone. 

Reserves  :  Large. 

Products :  The  silica-rocks  are  ground  at  the  quarry  and  mixed 
with  a  certain  proportion  of  the  fireclay  which  separates  the  two 
beds  ;  it  produces  a  brick  of  high  refractory  quality,  suitable  for 
use  in  the  crowns  of  steel  and  other  furnaces. 

The  siliceous  sandstone  or  second  silica-rock  has  also  been 
ground  for  use  as  a  steel-moulding  sand. 

Transport :  The  works  are  connected  by  a  short  siding  with  the 
Hamilton  and  Lesmahagow  branch  of  the  Caledonian  Railway. 


STIRLINGSHIRE. 

The  Castlecary  Fireclay  Co.,  Ltd. 

Castlecary  Station,  by  Bonny  bridge. 

Castlecary  Pit. 

Mine  and  works :  Castlecary,  immediately  north  of  the  railway 
at  Castlecary  Station. 

Maps :  One-inch  New  Ser.  Ordnance  and  Geological  31 ;  six- 
inch  Stirling-Dumbarton  29  N.E. 

Latitude  55°  58'  54".     Longitude  3°  56'  48". 

Geological  age :  Millstone  Grit. 

The  Lower  Fireclay,  here  situated  about  10  fms.  above  the 
base  of  the  Millstone  Grit,  is  wrought  for  firebricks  and  blocks 
for  various  purposes  (for  full  description  of  working,  see  forth- 
coming lieport  on  Fireclays).  A  bed  of  white  '  ganister ' 
separated  from  the  underlying  Castlecary  Limestone  by  10-18  in. 
of  dark  blaes,  and  50-60  ft.  below  the  main  fireclay  seam,  is  also 
raised  and  used,  with  an  admixture  of  fireclay  sufficient  to  reduce 
the  silica  percentage  to  approximately  85-87,  in  the  manufacture 
of  '  ganister '  bricks.  The  ganister  workings  follow  the  old 
workings  in  the  Castlecary  Limestone. 
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Description  of  rock. — 19555.  White,  medium-grained,  friable,  slightiy  micaceous 
sandstone.  Composed  of  angular  quartz-grains,  O'l  to  0'15  mm.,  in  a  somewhat 
plentiful  argillaceous  cement. 

At  Slhankiamuir,  a  mile  north-west  of  Glenboig,  a  'ganister,' 
in  a  position  somewhat  between  the  Calmy  und  Castlecary  Lime- 
stones, was  formerly  mined.  No  jjarticular.s  as  to  its  nature,  or 
the  purpose  for  which  it  was  raised,  can  now  be  obtained. 


The  Eglinton  Silica  Beick  Co.,  Ltd. 
45,  Renfield  Street,  Glasgow. 

The  silica-brick  trade  in  Scotland  was  started  by  the  Eglinton 
Chemical  Co.,  of  which  the  present  company  was  originally  a 
branch,  about  the  year  1876,  for  the  supply  of  silica  bricks  to 
IScottish  Steel  Works.  The  raw  material  at  first  employed  was 
flint  from  County  Antrim,  Ireland.  Later,  chalk  flints  were 
imported  from  the  Thames  and,  to  a  certain  extent,  from  the 
northern  shores  of  France.  The  Thames  flints  could  at  one  time 
be  bought  at  5s.  to  6s.  per  ton  c.i.f.  Grangemouth. 

These  flints  were  calcined  in  shaft  kilns,  and  eaob  kind  had 
different  characteristics;  the  French  flints,  while  purer  chemi- 
cally, were  low  in  fusion  point.  The  bonding  material  was 
hig^hly  plastic  clay  obtained  from  South  Wales.  The  bricks 
were  moulded  by  hand  machines,  which,  until  recently,  were 
exclusively  used  in  this  country  for  moulding  silica  bricks ;  these 
have  now  been  superseded  by  power  presses,  which  are  doing 
just  as  satisfactory  work  as  that  done  in  the  past  by  manual 
labour.  After  being  dried,  silica  bricks  were  burned  in  Beehive 
kilns,  at  a  temperature  of  about  1400°  C. 

These  flint  bricks  contained  about  93  per  cent,  silica,  the 
balance  being  alumina,  lime  and  iron.  They  were  chiefly  used 
in  the  chequers  of  steel  furnaces,  where  thev  would  stand  better 
than  the  best  English  bricks.  They  were,  however,  used  also  in 
the  crowns  of  steel  furnaces  in  several  works  in  Scotland,  as  well 
as  in  other  parts.  One  great  advantage  of  these  biicks  consisted 
in  their  less  expansion  than  other  silica-bricks,  and  they  were, 
therefore,  better  able  to  withstand  variation  of  temperature  with- 
out cracking.  Also  they  could  be  employed  in  furnaces  for 
repairs  during  fettling,  and  for  this  purpose  alone  were  in  great 
demand. 

"  Until  recently  little  enqiiiiy  had  been  made  as  to  the  ganisters 
used  in  Scotland,  but,  judging  from  the  samples  that  have  been 
hitherto  submitted  to  us  there  is  nothing  in  this  country  to  com- 
pare with  the  English  ganister.  There  are,  however,  considerable 
aeposits  of  quartzite  in  the  islands  and  west  coast  of  Scotland 
which  have  been  brought  to  our  notice  by  the  Geological  Survey, 
and  wbich,  we  believe,  could  be  easily  delivered  at  Glasgow  at 
prices  which  should  enable  them  to  be  used  for  refractory  pur- 
poses. Quartzites  are  largely  quarried  in  the  Unit-ed  States  for 
the  raw  materials  of  silica-brick  manufacturers." 

"  Practical  tests  have  been  made  of  the  samples  submitted,  and 
our  opinion  is  that  the  deposit.  Sample  No.  2  (North  side  of  Loch 
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Leven,  Ballacliulisli,  1  mile  east  of  Callart  Cottage),  miglit  be 
expected  to  give  the  quartzite  best  fitted  for  tlie  manufacture  of 
silica-bricks." 

The  Eglinton  Silica  Brick  Company  is  at  present  (1916)  entirely- 
engaged  in  the  manufacture  of  magnesite  bricks  from  imported 
material.-^ 


^  The  above  information  and  report  on  samples  has  been  kindly  suppUed    by  Mr. 
Wm.  Donald,  Manager  of  the  Eglinton  Silica  Brick  Co. 
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CHAPTER   XI. 
SILICA-ROCK  AND  GANISTER. 

SCOTLAND— (cantmwecZ) . 

POTENTIAL  SOURCES  OF  MATERIAL  FOR  SILICA 
BRICKS,  Etc. 

(1)    GrAXISTER-LIKE    SaXDSTONES. 

PEEBIiESSHIRE. 

Macbiehill. 

Situation:  About  350  3'aids  above  the  bridge  on  the  Macbiehill- 
Carlops  road. 

Maps:  One-iuCh  New  Ser.  Ordnance  and  Geological  24;  six- 
inch  Peebles  5  N.E.  (The  revised  geological  map  is  not  pub- 
lished, but  may  be  consulted  at  the  Geological  Survey  Office, 
Edinburgh). 

Latitude  55°  45'  56".     Longitude  3°  18'  30". 

Geological  age :  Carboniferous  Limestone  Series. 

A  bed  of  '  ganister  '  lying  between  the  two  lowest  limestones  of 
the  Carboniferous  Limestone  Series  in  the  Midlothian  basin,  is 
now  (1916)  about  to  be  opened  up  in  this  locality  as  a  source  of 
material  for  silica  bricks. 

The  rock  is  exposed  in  the  Cairn  Burn,  rather  less  than  ^  mile 
from  Macbiehill  Station  on  the  North  British  Railway,  Leadburn 
and  Dolphinton  branch  line ;  at  this  point  the  water  falls  over  the 
outcrop  of  a  bed  of  hard  ganister  3|  ft.  in  thickness,  and  separated 
by  10  in.  of  dark  blaes  from  the  limestone  above.  The  top  of  the 
ganister  is  dark  and  contains  plant  remains;  lower  down  the  rock 
is  purer  and  white  in  colour.  The  beds  dip  towards  the  east  at 
very  low  angles,  and  the  ganister  could  be  worked  open-cast  or 
mined  at  a  low  angle  over  a  considerable  area,  the  cover — ^con- 
sisting either  of  boulder  clay  on  limestone  or  boulder  clay  alone 
— being  thin  for  some  distance  on  either  side  of  the  stream. 

Other  exposures  of  ganister  are  seen  600-750  yards  higher  up 
the  stream,  but  the  rock  is  there  of  inferior  quality,  and  19 
possibly  on  a  higher  horizon  than  the  ganister  at  the  water-fall. 

Deepsykehead  Quarry. 

Mays:  Same  as  above. 

Latitude  55°  46'  30".     Longitude  3°  19'  5'. 

A  '  ganister,'  presumably  the  same  as  that  in  the  Cairn  Bum 
described  above,  is  exposed  a  mile  to  the  north,  in  an  old  quarry 
at  Deepsykehead,  1  mile  S.E.  from  the  village  of  Carlops. 
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The  section  seen  in  the  quarry  is  as  follows :  — 

Ft.  In. 

Yellow- weathering  dolomitic  limestone  ...         ...         ...  4-4 i    0 

Light-grey  blaes       0    2-4 

Ck)al 0     2-4 

Hard  white  Ganistbb  with  rough  irregular  under  surface 
varying  a  good  deal  in  thickness  and  thinning  out 

towards  the  N.  end  of  the  quarry         ...          average  2     6 

Fakes  and  faky  sandstone  ...         ...         ...         ...         ...  — 

Yellow  sandstone      ...         ...         ...         ...         ...         ...  — 

The  ganister  is  white,  fine-grained,  very  hard,  and  remarkably 
pure,  a  large  part  of  the  bed  being  entirely  free  from  plant 
remains.  It  is  exposed  along  the  top  of  the  quarry  with  a  very 
gentle  dip  inwards  in  an  easterly  direction,  and  is  covered  by  6  or 
7  ft.  of  blaes  and  limestone,  with  a  few  feet  of  boulder-clay  above. 
The  underlying  sandstone  was  formerly  quarried,  and  the  quarry 
is  connected  by  a  rough  track  with  the  Macbiehill-Carlops  road. 

Samples  from  the  above  two  localities  have  been  analysed  and 
tested  by  Messrs.  J.  and  H.  S.  Pattensen,  Newcastle,  for  Messrs. 
J.  G.  Stein  and  Co.,  Bonnybridge :  the  results  show  the  ganister 
to  possess  high  refractory  quality.  The  silica  percentage  of  the 
Cairn  Burn  rock  is  98-45;  that  of  Deepsykehead  Quarry  99.44. 
E-espective  fusing  points,  cone  numbers  36-37. 

Description  of  rocla. 

19550.  Palest-grey  to  white,  fine-grained,  som3what  friable  quartzose  sandstone, 
with  plant-remains.  Composed  of  sub-angular  quartz  grains  about  0'  1  mm.,  in  a 
matrix  of  smaller  quartz-grains  and  secondary  quartz.  Practically  no  felspar  or  mica, 
but  contains  a  good  deal  of  interstitial  impurity,  partly  carbonaceous,  partly  ferru- 
ginous and  titaniferous. 

19551.  Similar  rock,  but  with  more  even  grain  and  less  interstitial  impurity. 

LANARKSHIRE. 
Birkwood  Burn. 

Situation :  1^  mile  N.W.  of  Lesmahagow. 

Maps :  One-inch  New  Ser.  Ordnance  23 ;  six-inch  Lanark  31 
N.E.     Latitude  55°  39'  15".     Longitude  3°  54'  30". 

Geological  age :  Carboniferous  Limestone  Series. 

A.  ganister  rock  occurs  here  between  the  two  lowest  limestones 
of  the  sequence  as  it  is  found  in  Lanarkshire  ;  this  is  perhaps 
about  the  same  horizon  as  that  of  the  Macbiehill  and  Deepsyke- 
head rock  of  Peeblesshire  described  above. 

The  '  ganister  '  is  a  strong  clean-fractured  rock  with  a  very 
distinct  pale-blue  tint.  It  is  followed,  a  few  feet  below,  by  a 
fine-grained  white  sandstone,  which  is  now  (1917)  being  quarried, 
together  with  the  '  ganister,'  as  a  '  silica-rock.' 

Description  of  rocks. — 

19613.  'Ganister.'  Fine-grained,  pale  bluish-grey  slightly  micaceous  calcareous 
sandstone.  The  rock  is  composed  of  subangular  to  sub-rounded  quartz  grains,  0'  1  to 
0'15  mm.,  in  a  somewhat  plentiful  cement  of  calcium  carbonate  and  secondary  silica. 
The  carbonate  has  a  tendency  to  develop  in  the  form  of  optically  continuous  patches. 

19614.  Sandstone.  Almost  white,  moderately  fine-grained,  slightly  micaceous 
sandstone.  Composed  of  sub-angular  quartz-grains,  0*1  to  0*2  mm.  The  cementing 
material  is  mainly  siliceous,  but  there  is  a  small  amount  of  interstitial  ferruginous 
matter. 
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EDINBURGHSHIRE. 
Middleton  and  Esperston. 

Situation :  2|  miles  south  of  Gorebridge  Station,  North  British 
Railway. 

Maps :  One-iuch  New  Ser.  Ordnance  32 ;  six-inch  Edinburgh 
14  S.E. 

Middleton:    Latitude  bb^  48'  22".     Longitude  3°  1'  55". 

Esperston :    Latitude  55^  47'  55".     Longitude  3°  3'  15". 

Geological  age :  Carboniferous  Limestone  Series. 

A  bed  of  hard,  white,  but  somewhat  planty  '  gauister  '  2  to 
3  ft.  in  thickness,  is  separated  by  a  few  feet  of  sandstone  from 
the  top  of  the  limestone  wTought  in  the  Middleton  Lime  Quarry. 
The  ganister  forms  the  top  of  the  quarry-face  in  the  old  workings 
east  of  the  tramway  cutting,  and  is  seen  again  on  both  sides  of 
this  cutting  south  of  the  road-l)ridge,  where  it  forms  the  rock- 
head  for  some  distance,  with  a  covering  of  4  to  6  ft.  of  boulder- 
clay. 

A.  '  ganister  '  is  also  exposed  in  the  banks  of  the  North  Middle- 
ton  Burn,  at  the  bridge,  500  yards  S.  by  E.  of  Esperston  farm- 
house. The  bod  is  about  3  ft.  thick,  aud  rests  upon  limestone 
with  a  boulder-clay  cover.  The  rock  is  very  hard,  white  in  colour, 
and  seems  of  good  quality.  It  is  probably  in  the  same  strati- 
graphical  position  as  that  of  the  Middleton  Quarry. 

Description  of  rocks — 

19607.  N.  Middleton  Burn.  Fine-grained  pale-bufiE  somewhat  soft  sandstone, 
with  abundant  carbonaceous  streaks  and  impressions  of  plant -remains.  Grains 
angular  about  0"1  mm.  and  smaller.  The  rock  is  composed  essentially  of  quartz- 
grains  somewhat  loosely  packed  in  a  matrix  of  secondary  silica  which  locally  is 
replaced  by  ferruginous  matter. 

19602.  Middleton  Lime  Quarry.  Pine-grained  pale-buff  soft  sandstone  stained 
and  spotted  with  ochre.  Grains  angular  and  varied  0'15  mm.  but  mainly  smaller, 
and  consisting  almost  entirely  of  quartz.  Interstitial  matter  fairly  abundant,  partly 
argillaceous  and  partly  ferruginous. 

Vogrie. 

Situation:  In  the  grounds  of  Vogrie  House  2  miles  N.E.  of 
Gorebridge  Station,  North  British  Railway. 

Maps:  One-inch  New  Ser.  Ordnance  32;  six-inch  Edinburgh 
9  S.W. ;  the  revised  geological  map  is  also  published. 
Latitude  55°  51'  37".     Longitude  2°  59'  18". 
Geoloffical  age :  Carboniferous  Limestone  Series. 

The  rock  is  seen  in  the  stream  760  ft.  N.  bv  E.  of  Vogrie  House, 
where   the   section   is:  — 

Ft.  In. 

Limestone,  at  least       ...         ...         ...         ...         ...  14  0 

Gap— mostly  blaes       ...         ...         ...         ...         ...  1  0 

Ganister          2  6 

Softer  white  siliceous  rock  with  rootlets      ...         ...  2  0 

Gap        3  0 

Ganister  in  thin  beds           0  8 

Hard  flaggy  sandstone  and  massive  do        ...         ...  14  0 

A  similar  ganister  is  also  exposed  at  the  footbridge,  820  ft. 
N.E.  of  Vogrie  House,  and  can  be  traced  for  some  distance,  both 
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abovp  and  below  the  bridge.      It  is  a  hard,  white  rock  of  good 

qualitv;  the  section  shows:  — 

Ft.  In. 

Hard  white  ganister  with  rootlets     ...         ...         ...  2  6 

Softer  white  gaiiister-like  sandstone  ...  ...  4  0 

The  rocks  in  these  two  localities  are  much  alike,  but  it  is 
uncertain  whether  they  can  be  regarded  as  forming  part  of  the 
same  bed. 

Description  of  rock. — 1959S.  '  Hard  ganister.'  Pale-bufE,  fine-grained  sandstone, 
somewhat  soft,  streaked  with  carbonaceous  matter,  and  containing  impressions  of 
rootlets.  Composed  of  closely-packed  aub-angular  quartz-grains,  about  0"1  mm.  The 
cement  mainly  siliceous,  but  partly  argillaceous  and  ferruginous. 

An  analysis  by  Messrs.  Pattensen,  Newcastle,  for  J.  G.  Stein 
and  Co.,  of  the  rock  from  the  second  locality  gives  a  silica  per- 
centage of  98' 17,  a  test  for  fusing  point  gave  cone  number  36, 
at  an  estimated  temperature  of  1790°  C. 

West  Houses. 

Situation:  1\  mile  east  by  south  of  Newtowngrange. 

Mays :  One-inch  New  Ser.  Ordnance  32 ;  six-inch  Edinburgh 
8  S.E.    Geological  map,  revised  edition,  also  published. 

Latitude  55°  32'  0".     Longitude  3°  1'  50". 

Geological  age :  Carboniferous  Limestone  Series. 

A.  bed  of  good  ganister-like  sandstone,  varying  in  thickness 
from  Ij  to  3  ft.,  is  exposed  on  the  eastern  bank  of  the  small 
stream  flowing  through  Cohooley  Wood,  250  yards  E.S.E.  of 
AVest  Houses ;  also  in  an  old  quarry-hole  on  the  same  bank.  The 
bed  dips  west  at  low  angles  and  lies  close  to  the  surface  in  the 
ground  on  the  east  of  the  stream,  where  a  considerable  area  could 
probably  be  worked  open-cast. 

Two  or  three  years  ago  2  tons  of  this  rock  were  sent  to  a  firm 
in  Northumberland  for  trial  as  a  substitute  for  Belgian  Sand  in 
glass-making,  but  the  material  was  not  found  suitable  for  this 
purpose. 

Description  of  rock. — 19599.  Fine-grained,  almost  white,  sliffhtly  micaceous  sand- 
stone. Locally  iron-stained.  Moderately  closely-packed,  angular,  quartz-grains, 
0*075  mm.,  showing  signs  of  secondary  enlargement,  in  a  somewhat  turbid  matrix. 
The  interstitial  matter  appears  to  be  partly  carbonaceous  and  partly  ferruginous. 

The  ganisters  of  Middleton,  Esperston,  Yogrie  and  West  Houses 
are  in  each  case  associated  with  the  two  lowest  limestones  of  the 
Carboniferous  Limestone  in  that  district;  thev  are  probably  on 
the  same  horizon  as  the  ganister  of  Macbiehill  (p.  151). 

HADDINGTONSHIRE. 
Chapel  Point. 
Situation:  4^  miles  S.E.  of  Dunbar. 

Maps:  One-inch  Old  Ser.  and  Geological  33;  six-inch  Hadding- 
ton  7  S.E.  revised  edition.  Latitude  55°  58'  26".  Longitude 
2°  24'  53*. 

Geological  age  :  Carboniferous  Limestone  Series  :  Lower  Lime- 
stone Group. 
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On   the  south-west  of  Chapel  Point,   below  the  Chapel  Point 
Limestone,  there  is  exposed  u  bed  of  very  siliceous  ganisler.     The 
section  is  roughly  as  follows :  — 

Ft. 
Limestone  ...         ...         ...         ...         ...         ...  9-10 

Coaly  blaes  and  blaes,  up  to  ...         ...         ...         ...  3 

Ganisteb  2 

Soft  Sandstone  ...         ...         ...         ...         ...         ...  16-18 

The  limestone  is  at  present  quarried  for  road-metal  and  the 
to])  of  the  gauister  bed  has  been  laid  bare  along  part  of  the 
shore.  The  rock  is  a  fine-grained  and  somewhat  rooty  '  ganis- 
ter,'  white  in  colour,  with  occasional  streaks. 

A  slice  of  this  rock  is  described  by  i)r.  Flett^  as  consisting 
almost  entirely  ot  rounded  grains  of  quartz,  averaging  about  'Z 
mm.  in  diameter,  together  with  a  cement  of  quartz  in  optical 
continuity  with  the  grains. 

The  upper  7  or  8  ft.  of  the  underlying  sandstone  appears  to  be 
suitable  for  moulding  purposes.  Reference  to  the  one-inch  Geo- 
logical map  will  show  that  the  Chapel  Point  Limestone  skirts  the 
coast  between  Chapel  Point  and  Barness.  It  is  again  exposed 
on  the  coast  at  the  Vaults,  If  mile  S.E.  of  Dtinbar,  where  it 
apj>ears  to  occur  in  four  separate  outcrops,  due  to  folding  and 
faulting.  The  ganister  always  accompanies  the  limestone,  some- 
liuies  directly  underlying  it,  and  varying  in  thickness  between  2 
and  3  ft. 

As  the  dip  of  the  beds  on  the  coast  is  north  or  north-east,  it 
would  be  useless  to  expect  more  than  a  small  field  of  this  ganister 
to  be  available. 

Description  of  rock — lOGOl.  Fine-grained  white  quartzose  sandstone,  with 
impressions  of  rootlets  marked  by  ferruginous  and  carbonaceous  matter.  Somewhvt 
soft  and  friable.  Average  size  of  grain  0'  1  mm.  and  composed  almost  entirely  of  quartz 
which  has  suffered  some  secondary  enlargement.     Amount  of  i  iter.'^titial  matter  small. 

AYRSHIRE. 

No  material  is  at  present  being  worked  for  the  manufacture  of 
silica-bricks  in  the  county.  At  several  localities  rocks  occur 
which  seem  likely  to  be  of  use  for  this  and  similar  purposes. 

Glen  Btirn. 

Situation:  In  the  Glen  Burn,  about  j-mile  north-west  of  Cor- 
sinkell,  and  1^-mile  north  of  Stevenston. 

Maps  :  One-inch  New  Ser.  Ordnance  and  Geological  22;  six-inch 
Ayrshire  IG  N.W.     Latitude  55°  39'  28".     Longitude  4°  45'  50". 

Geoloffical  age  :  Millstone  Grit. 

The  ganister  occurs  in  a  bed  about  6  ft.  thick,  interbedded  with 
lava-flows  of  Millstone  Grit  age.  It  is  fine-grained  in  texture 
with  a  few  flakes  of  white  mica  and  strings  of  argillaceous  matter. 
The  colour  is  gi'eyish  white  wlien  weaihorod.  There  is  a  good 
road  from  Stevenston  to  within  300  yards  of  the  exposure. 

Description  of  rock — 1%0I{.  Fino-grainod,  palest  huff,  finely  micaceous  Randstone. 
Locally  iron-stained.  Composed  of  quartz-grains,  angular  and  mainly  about  005  mm. 
with  a  small  proportion  of  larger  dimensions.  Cement  partly  siliceous  partly  ferru- 
ginous. 

1  '  Geology  of  East  Lothian  '  {Mem.  Geol.  Stirr.),  1910,  p.  127. 
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ARRAN. 
Corrie. 

Mafs :  Ordnance  and  Geological.  One-inch  Sheet  21;  six-inch 
Argyll  and  Bute  238  S.E. 

Latitude  55°  38'  35".     Longitude  5°  8'  15". 

A  '  ganister  '  about  1  ft.  9  in.  to -2  ft.  in  thickness  is  seen, 
exposed  on  the  foreshore  near  the  drain  in  front  of  the  Hotel. 
The  rock  is  a  fine-grained  white,  hard  and  compact  sandstone, 
with  numerous  rootlets.  The  exact  geological  horizon  is  difficult 
to  determine  owing  to  faulting,  but  it  is  probably  somewhere  near 
the  top  of  the  Upper  Limestone  Group  of  the  Carboniferous  Series. 
Hocks  of  this  age  are  exposed  at  several  localities  on  the  hill 
slopes  between  Corrie  and  Brodick  Castle,  so  there  should  be  a 
fairly  extensive  field  of  the  ganister.  There  are  good  harbour 
facilities  at  Corrie. 


(2)  Siliceous  Sandstones. 
LANARKSHIRE. 
Huntershill  Qtiarries. 
Situation :  Bishopbriggs,  Glasgow. 

Ma'ps :    One-inch    New    Ser.    Ordnance    31 ;    six-inch    Lanark 
1  S.E. ;  revised  geological  map  also  published. 
Latitude  55^  54'  0".     Longitude  4°  13'  40". 

Geological  age  :  Carboniferous.  Immediately  above  the  Index 
Limestone  in  the  Upper  Limestone  Group  of  the  Carboniferous 
Limestone  Series. 

A  thick-bedded  sandstone,  60  to  70  ft.  in  thickness,  quarried 
and  mined  on  a  large  scale  up  to  the  year  1908  as  a  first-class 
building  stone;  it  was  also  ground  and  tried  as  a  steel-moulding 
sand. 

Description  of  rock. — 19605.  Pale  buff,  moderately  coarse-grained,  soft  sandstone. 
Composed  mainly  of  quartz,  O'l  to  0'15  mm.,  sub-angular  in  grain.  The  cementing 
material  is  largely  calcareous,  and  local  patches  of  carbonates  are  of  frequent 
occurrence. 

Leemuir  Quarries,  Kilncadzow. 
Situation:  2  miles  south-east  of  Carluke. 

Maps :    One-inch    New    Ser.    Ordnance    23 ;    six-inch    Lanark 
25  N.W. ;  revised  geological  map  in  preparation. 
Latitude  55°  43'  7".     Longitude  3°  48'  10". 

Geological  age:  Carboniferous,  above  the  Main  Limestone,  at 
the  base  of  the  Carboniferous  Limestone  Series. 

A  hard,  white,  fine-grained  sandstone,  with  occasional  plant 
remains,  occurs  in  thin  beds  rarely  exceeding  2  ft.  in  thickness. 
The  most  siliceous  rock  is  found  in  a  shallow  opening  on  the 
north  side  of  the  dyke,  400  yards  N.W.  of  Leemuir  Farmhouse; 
the  rock  in  the  quarries  on  Headsmuir,  farther  to  the  west,  is 
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more  felspathic,  with  a  good  deal  of  mica.        It  was   formerly 
quarried  lor  building  stone. 

Description  of  rocA— 19554.  Almost  white,  very  fiae-grained,  friable  sandstone. 
Grain  somewhat^ variable,  average  about  0'05  nun.  Practically  non-micaceoua  and 
non-felapathic. Small  amount  of  interstitial  carbonaceous  and  ferruginous  material. 

EDINBURGHSHIRE. 
Craigleith  Quarries. 

Situation:  Edinburgh. 

Maps:  One-inch  New  Ser.  Ordnance  32;  six-inch  Edinburgh 
3  N.W.  Geological  map  also  published  in  revised  edition. 
Latitude  55°  57'  30".     Longitude  3°  14'  20". 

Geological  age :  Calciferous  Sandstone. 

The  sandstone  at  the  well-known  Craigleith  Quarries  has  been 
quarried  for  a  long  series  of  years  as  a  tirst-class  building  stone, 
and  supplied  material  for  most  of  the  buildings  in  tKe  New  Town 
of  Edinburgh. 

The  rock  is  a  highly  siliceous,  close-grained  sandstone  of 
medium  grain,  grey  to  white  in  colour;  it  is  composed  of  sub- 
angular  grains  of  quartz  set  in  a  silica  cement. 

The  larger  quarries  are  disused  and  full  of  water;  a  smaller 
•opening  to  the  north  has  been  recently  worked  for  monumental 
stone ;  the  sandstone  has  also  been  used  for  grinding  glass. 

Barn  ton. 

Situation:  li  mile  N.W.  of  Craigleith. 

Maps:  As  for  Craigleith  Quarries.  Latitude  55°  58'  25*. 
Longitude  3°  17'  10". 

Geological  age :  Calciferous  Sandstone. 

A.  siliceous  sandstone  from  Barnton  Quarry  has  also  been 
employed  in  recent  years  as  a  grinding  stone  for  glass. 

Description  of  rock. — 19606.  Finc-gi-ained,  palest  grey- buff,  micaceous  sandstone. 
Moderately  compact.  Grains  sub-angular,  0*1  mm.,  composed  of  quartz  for  the  most 
part,  but  with  a  considerable  admixture  of  decomposing  felspathic  matter.  A  small 
amoimt  of  carbonates  is  also  present.  The  cementing  material  is  mainly  secondary 
silica.     Ferruginous  impurity  of  small  amount.  _jy 

Currie  Glen,  Borthwich. 

Situation:  ^  mile  E.S.E.  of  Borthwick. 

Maps :  One-inch  New  Ser.  Ordnance  32 ;  six-inch  Edinburgh 
U  S.E. 

Latitude  55°  49'  22".     Longitude  2°  69'  40". 

Geological  age :  Calciferous  Sandstone. 

A  siliceous,  fine  to  medium-grained  sandstone.  Formerly 
worked  as  a  building  stone;  the  quarry  is  now  abandoned. 

Description  of  rock — 19G00.  Moderately  fine-grained,  buff,  ochre-spotted,  friable 
sandstone.  Composed  of  quartz  and  raicro-fclsitc  grains  in  a  partly  siliceous  and 
partly  ferruginous  matrix.  The  grains  are  loosely  cemented  and  average  0*1  to  0*2 
mm.  Much  of  the  quartz  appears  to  have  been  derived  from  quartz-fclsiles  for  in 
some  instances  grains  of  quartz  can  be  seen  with  the  micro-fel.sitic  matter  still  adhering 
to  them. 

L2 
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Hermand  Quarry. 

Situation:  At  Hermaud  House,  a  short  distance  east  of  West 
Calder. 

Maps:  One-inch  New  Ser.  Ordnance  and  Geological  32;  six- 
inch   Edinburgh  10  N.E. 

Latitude  55°  51'  10".     Longitude  3°  33'  18". 

Geological  age :  Calcifeious  Sandstone  Series. 

A  thick  sandstone  in  the  Binny  Sandstone  Group  has  been 
exteiisively  quarried  in  the  past.  The  quarries  are  now  aban- 
doned. 

The  rock  is  grey,  hard,  and  compact,  with  a  silica  percentage 
of  94-68.^ 

Description  of  rock — 19557.  Pale  grey-green,  white-speckled,  friable  sandstone. 
Highly  felspathic  and  impure.  Grains  angular  0"  1  to  0"  3  mm.  Quartz  and  decompOB- 
ing  felspar  in  an  argillaceous  and  kaolinitic  matrix. 


AYESHIHE. 
Lochcraigs  Quarries. 
Situation :   The  old  quarries  are  situated  at  the  south  end  of 
Ashgrove  Loch,  1\  mile  N.N.E.  of  Stevenston,    and  there  is  a 
good  road  to  within  a  few  yards  of  the  quarries. 

Maps :   One-inch   New  Ser.  Ordnance  and  Geological  22 ;  six- 
inch  Ayrshire  11  S.E. 
.  Latitude  55°  39'  34".     Longitude  4°  44'  30". 
Geological  age:  Carboniferous  Limestone  (see  below). 

Description  of  rock. — 19583.  Lochcraigs  Quarry.  White  medium-grained  soft 
sandstone,  with  very  little  cementing  material.  Almost  entirely  composed  of  quartz- 
grains,  which  have  suffered  slight  secondary  enlargement.  Average  size  of  grains 
about  0'2  mm. 

Smitlistone  Quarry. 

Situation :  The  old  quarry  is  situated  in  the  corner  of  the  field 
by  the  small  plantation  on  the  west  side  of  the  road,  \  mile  N.N.E. 
of  the  north  end  of  Ashgrove  Loch,  and  about  2  miles  from 
Kilwinning  by  load. 

Maps:  One-inch  New  Ser.  Ordnance  and  Geological  22;  six- 
inch  Ayrshire  11  S.E. 

Latitude  55°  40'  8".     Longitude  4°  44'  12". 

Geological  age :  Carboniferous. 

These  two  sandstones  are  very  similar  in  appearance,  though 
possibly  of  different  ages.  The  former  is  at  present  considered 
to  belong  to  the  Lower  Limestone  Group  of  the  Carboniferous 
Limestone.  The  latter  is  most  probably  of  early  Millstone  Grit 
age.  They  are  fine-grained  sandstones,  with  occasional  coarser 
bands.     If  crushed  they  should  make  good  hearth-  or  glass-sands. 

Description  of  rock. — 19585.  White  medium-grained  friable  sandstone,  breaking 
down  easily  to  a  moderately  sharp  sand.  Almost  entirely  quartz.  Grains  sub- 
roimded  and  measuring  0'2  to  0*4  mm. 

1  '  Geology  of  the  Neighbourhood  of  Edinburgh  '  {Mem.  Geol.  Surv.),  1910,  p.  358. 
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DUMFHIESSHIRE. 
Siliceous  Sandstone  in  the  Byrehurn  Coalfield,  Canonbit. 

Situation:  In  a  boring  in  the  south  part  oi  the  Held  (2s o.  2 
Byreburn,  about  550  ft.  i\.E.  of  Byreburn  footbridge). 

Maps:  One-inch  New  Ser.  Ordnance  and  Geological  11;  six- 
inch  Dumfriesshire  53  S.E.  Latitude  55°  5'  35".  Longitude 
2°  57'  15". 

Geoloyical  age :  Coal  Measures,  a  few  fathoms  above  the  Lime 
Coal  of  Byreburn.  The  following  rocks  were  met  with  at  quite 
a  shallow  depth  :  — 

Hard  '  cuttery  '  very  siliceous  sandstone  6  ft.  at  16  fms.  5  ft. 
5  in. 

Hard  '  cuttery  '  ganister-like  sandstone  16  ft.  8  in.  at  19  fms, 

4  ft.  1  in. 

The  total  thickness  is  thus  22  ft.  8  in. ;  the  top  6  ft.  is  an 
extremely  siliceous  rock,  but  it  is  all,  apparently,  of  very  good 
quality.  The  lower  16  ft.  8  in.  contains  abundant  carbonaceous 
rootlets,  is  wliite,  fine-grained,  and  allied  in  character  to  ganister. 
If  the  croj)  of  this  bed  were  accurately  known  it  .should  be  well 
worth  further  investigation. 

The  top  post  is  likely  to  provide  excellent  material  for  furnace- 
hearth  linings,  and  p9rha])s  for  glass  manufacturers,  etc.  The 
ganister-like  sandstone  seems  very  suitable  for  silica-bricks. 

Description  of  rock — 19604.  No.  2  Bore,  Byreburn.  Fine-grained  white  quart- 
zose  .sandstone.  Moderately  compact  and  nearing  quartzite  in  character.  Composed 
of  angular  quartz-grains,  01  mm.,  closely  packed,  enlarged  by  secondary  silica,  and 
with  a  silica  cement.     There  is  a  small  amount  of  fcnuginous  interstitial  matter. 

Sanqu/iar  Coalfield. 
Locality  (1).     In  Coal  Measures. 

Situation :  At  Kello  Water,  less  than  i  mile  above  Kello  Bridge; 
1^  mile  south  of  Kirkcounel. 

Maps:  One-inch  New  Ser.  Onhiance  and  (Jeological  15:  six- 
inch  Dumfries  6  S.W. 

Latitude  55°  22'  20".     Longitude  4°  0'  5". 

Sandstone  is  well  exposeil  on  tlie  right  bank  of  tbe  stream  about 
200  yards  west  of  the  iSwallow  Cniig;  it  forms  a  low  blutf  running 
parallel   to  the  .stream   for  some  di.stance.     The  rock,  of  which 

5  to  5^  ft.  is  seen,  is  a  liard  rooty  and  somewhat  micaceous 
ganister-like  sand.stone  (the  mica  is  muscovite),  and  closely 
resembles  in  ajyiM-arance  the  Millstone  Urit  ganisters  of  the 
Bonny  bridge  district. 

Description  of  rocks — 19579  and  19580.  Pale  buff-grey,  fine-grained,  soft,  .slightly 
micaceous  .sandstone,  with  carbonaceous  .strrak.s  and  patches.  GT.'\n  angular,  about 
O'l  mm.  and  smaller,  mo.stly  quartz.  The  interstitial  matter  is  argiilaccdus,  sumewhat 
abundant  and  stained  bnuMi  liy  iron  l^m-lic  .illy  lu.  enlargement  of  the  grains  by 
secondary  sihca. 

Locality  (2).     In  Millstone  Grit. 

Kello  Water:  \  mile  above  Kello  Bridge.  Six-inch  maii  Dum- 
fries 5  S.E. 
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Several  exposures  on  both  banks  of  the  stream  are  here  grouped 
togiether  for  convenience  of  description.  They  occur  at  the  sharp 
bend  just  above  locality  (1),  and  on  the  south-east  side  of  a  fault 
with  downthrow  to  north-east  which  crosses  the  stream  imme- 
diately east  of  the  bend. 

The  section  seen  in  a  small  gully  on  the  right  bank  shows  :  — 

Ganister-like  sandstone  ...         ...         ...         ...         Several  feet. 

Fireclay 15-18  inches. 

Hard  siliceous  sandstone         ...         .,,         ,..         ...  7  feet. 

The  same  beds  aj^pear  on  the  left  bank,  and  can  be  followed 
up-stream  to  the  point  where  tlije  pipe-track  crosses  the  Kello^ 
downwards  they  pass  into  coarse  gritty  strata. 

The  fireclay  closely  resembles  the  fireclay  found  at  the  top  of 
the  Millstone  Grit  in  Ayrshire.  The  sandstones  are  hard,  silice- 
ous rocks,  some  beds  having  the  appearance  of  a  fine-grained 
quartzite. 

Description  of  rock. — 19564.  Fine-grained,  white,  slightly  micaceous,  quartzose 
Bandstone.  Locally  stained  with  iron.  Grain  angular  and  closely  packed,  about 
0*1  mm.  Mainly  quartz.  Most  of  the  interstitial  matter  is  opaque  and  composed 
of  carbonaceous  and  ferruginous  material.  There  has  been  some  slight  enlargement 
of  the  quartz-grains  of  silica. 

Locality  (3).     In  Millstone  Grit, 
PolbrocJc  Burn,  near  its  junction  with  the  Kello  Water. 
The  section  here  is  :  — 

Sandstones — often  coarse  and  pebbly. 

Ganister,  about  4  feet. 

Thick  fireclay  with  beds  of  ganister-sandstone. 

The  '  ganister  '  is  a  somewhat  argillaceous  sandstone. 

All  the  above  localities  are  somewhat  unfortunately  situated 
for  exploitation  :  the  beds  could  only  be  worked  by  mines,  and 
the  nearest  railway  is  over  a  mile  distant.  The  cost  of  carriage 
to  the  chief  industrial  centre  would  also  have  to  be  considered. 
If  the  material  proves  suitable  for  the  production  of  a  good 
silica-brick,  it  might  be  worth  working,  but  the  extent  of  the 
deposit  would  have  to  be  carefully  estimated. 

FIFESHIRE, 

It  is  known  that  hard  quartzose  rocks,  resembling  ganisters, 
are  also  found  in  the  Calciferous  Sandstone  Series  of  Fifeshire, 

A  very  siliceous,  hard  and  fine-grained  quartzitic  sandstone  is- 
exposed  on  the  coast  at  Kinghorn,  just  north  of  the  old  ship- 
building works.  The  sandstone  is  inconstant  and  is  both  under- 
lain and  overlain  by  lavas.  At  the  base  of  the  cliff  it  is  3  ft,  thick, 
but  thins  away  as  the  outcrop  ascends  the  cliff.  The  top  of  it  is 
somewhat  pyritous, 

VV^hile  it  would  be  impossible  to  work  either  this  bed  or  the 
rooty  ganister  occurring  at  a  lower  level  and  seen  on  the  north- 
east side  of  Kinghorn  Bay^  their  presence  here  is  worth  recording- 
as  similar  rocks  no  doubt  occur  inland  at  the  same  geological 
horizon. 

1  '  Geology  of  Central  and  Western  Fife  '  ( Mem.  Gcol.  Svrv.),  1900,  p.  70, 
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(3)  Siliceous  Conglomerate. 

AYKSHIRE. 

The  Upper  Old  lied  Sandstone  rocks  of  North  Ayrshire  con- 
tain numerous  bands  of  conglomerate,  which  consists  essentially 
of  vein-quartz  pebbles  in  a  siliceous  matrix.  The  bands  vary 
from  a  lew  inches  to  Sisveral  feet  in  thickness. 

Kaim  Hill  Quarries. 

Situation:  On  the  west  slope  of  the  hill  and  about  1^  mile 
from  Fairlie  Station;  900  ft.  above  sea-level. 

Maps :  One-inch  Ordnance  and  Geological  21 ;  six-inch  Ayr- 
shire 6  N.E.,  S.E.    Latitude  55°  44'  15".    Longitude  4°  50'  5". 

Geological  age:   Upper  Old  lied  Sandstone. 

The  quarries  are  in  a  thick  pebbly  sandstone,  worked  occasion- 
ally for  millstones.  The  more  pebbly  bands  were  at  one  time 
tried  for  the  manufacture  of  silica-bricks,  but  the  attempt  seems 
to  have  been  a  failure.  There  is  a  rough  road  up  from  the  rail- 
way to  within  a  j-mile  of  the  quarries. 

Description  of  rock. — 19597.  Palest  grey  pebbly  grit,  with  quartz-pebbles  up  to 
3  in.  The  matrix  consists  of  angular  quartz-graiiis  for  the  most  part,  between  O'l 
and  0"2  mm.  The  cementing  material  is  secondary  silica  with  a  small  proportion  of 
ferruginous  matter. 

(4)    QUARTZITE. 

Certain  quaitzites  belonging  to  the  Highland  Metamorphic 
Series  in  the  islands  of  Islay  and  Jura  and  on  the  mainland  of 
Argyllshire  and  West  Inverness-shire,  have  been  examined  and 
samples  procured  in  localities  where  the  rock  could  be  readily 
worked  and  is  accessible  for  transport  by  sea  or  rail. 

ARGYLLSHIRE  AND  INVERNIC-SS-SHIRE. 
Islay. 

Situation :  On  the  west  side  of  the  Sound  of  Islay,  north  of 
Portaskaig. 

Maps:  One-inch  Ordnance  and  Geological  Sheet  27;  six-inch 
Argyll  198  N.E. 

A  baud  of  hard,  white  quartzite,  00  ft.  at  least  in  thickness, 
comes  down  to  the  shore  200-250  yards  north  of  Caol  Isla  Distil- 
lery and  ^-mile  north  of  Portaskaig.  It  occurs  in  beds  1  to  2 
ft.  thick,  dipping  N.N.W.  at  23°,  and  underlies  a  bed  of  grey 
phyllite.  The  rock  appears  to  be  of  equally  good  quality  through- 
out, except  at  the  extreme  top,  and  is  free  from  iron  staining. 

At  Loao  'Ihiohistaraiilh  (six-inch  map  only),  about  500  yards 
north  of  Caol  Isla,  is  another  band  of  liard  white  quartzite,  with 
occa.sional  annelid  tubes  ('pipe-rock').  Where  expo&ed  on  the 
shore  the  band  is  about  10()  ft.  in  thickness,  and  dips  N.N.W. 
at  20°.  The  rock  is  a  good  deal  jointed,  and  the  joint  faces  are 
often  coated  with  oxide  of  iron,  but  it  is  less  ferruginous  in  the 
lower  part  of  the  outcrop. 

The  same  bed  is  exposed  inland  on  the  moor  on  either  side  of 
the  road  from  Portaskaig  to  Bonahaven,  rather  more  than  ^-mile 
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south  of  Bonaliaveu  pier.  The  rock  in  these  outcrops  is  also  a 
good  deal  shattered  and  jointed,  but  appears  to  have  less  iron- 
staining  on  the  divisional  planes  than  that  on  the  shore. 

Bonaluiven  Bay. 

Maps :  One-inch  Ordnance  and  Geological  27 ;  six-inch  Argyll 
187  S.W. 

A  very  hard,  fine-grained,  vitreous,  white  quartzite  crops  out 
on  the  beach  immediately  north  of  the  Bonahaven  Distillery 
buildings,  and  is  exposed  along  the  shore  in  broad  surfaces  vvhich 
descend  below  high-water  mark.  Inland  the  rock  is  covered  by 
the  deposits  of  the  raised  beaches,  but  there  is  a  large  area  along 
the  coast  entirely  free  from  cover.  This  quartzite  is  shown  on 
the  geological  map  as  extending  to  lluadha  Mail,  the  extreme 
northern  point  of  the  island,  but  the  rock  was  not  examined  be- 
yond the  shores  of  Bonahaven  Bay,  there  being  no  means  of  access 
to  the  outcrops  farther  to  the  north.  It  appears  to  be  very 
uniform  in  character  over  a  long  distance. 

Jura. 

Maps:  One-inch  Ordnance  and  Geological  27;  six-inch  Argyll 
187  b.E. 

The  Bonahaven  quartzite  appears  again  on  the  east  side  of  the 
Sound  of  Islay,  and  is  exposied  in  reeis  and  low  clih's  along  the 
shore  of  Juia  north  of  Inver  Cottage.  The  rock  was  examined 
and  samples  taken  between  inver  Cottage  and  Traigh  nan  Fean- 
naig,  a  mile  to  the  north  of  the  former  point. 

The  rock  is  a  fine-grained,  very  hard  and  pure,  white  quartzite, 
with  a  vitreous  fracture;  it  occurs  in  regular  beds  2  to  3  it.  in 
thickness,  dipping  N.E.  at  25°.  The  joint-planes  are  far  apart, 
and  free  from  iron-staining.  To  the  north  of  Inver  Cottage  the 
fine-grained  rock  dips  beneath  a  quartzite  containing  pebbly 
layers,  the  pebbles  being  represented  by  large  grains  of  quartz, 
often  blue  in  colour. 

To  the  south  of  Inver  Cottage,  where  the  quartzite  forms  a 
low  cliif  abo\  e  the  present  beach,  the  rock  is  a  good  deal  shattered 
along  a  line  of  fault,  and  is  less  pure  than  that  to  the  north. 

The  west  coast  of  Jura  is  fringed  with  raised  beaches,  25  to 
slightly  over  100  ft.  above  sea-level,  formed  of  rounded  and  sub- 
angular  pebbles,  4  in.  to  upwards  of  1  ft.  in  length;  the  great 
majority  of  these  are  derived  from  the  local  pure  white  quartzite, 
with  a  small  proportion  of  a  more  felspathic  type  of  rock.  These 
beaches  are  well  developed  on  the  north  side  of  Loch  Tarbert.  At 
Traigh  nan  Feannaig  the  beach  extends  for  more  than  i  mile 
inland,  and  is  largely  covered  with  heather  and  thick  peat.  At 
the  same  locality,  1  mile  north  of  Inver,  the  present  beach,  to 
to  short  distance  above  high-water  mark,  is  formed  of  verv  pure 
and  white  quartz  sand. 

Similar  raised  beaches  of  white  quartzite  pebbles  occur  at  the 
heads  of  the  bays  and  inlets  on  the  east  side  of  Jura. 

These  beaches  might  provide  readily-worked  material  for  re- 
fractory purposes  or  sand  suitable  for  glass  manufacture. 
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In  all  tlie  localiliei  aluiig  both  sides  of  the  Sound  ot  Islay 
described  above,  the  quartzite  is  exposed  without  any  cover,  and 
could  be  readily  quarried  just  above  high-water  mark.  There  are 
piers  with  deep  water  at  i'ortaskaig  and  at  Caol  Isla  and  Jiona- 
haven  Distilleries,  and  there  is  constant  communication  between 
Islay  and  Clyde  ])orts  by  coal  and  other  trading  vessels. 

Port  Ellen,   Islay. 

Maps:  One-inch  Ordnance  and  Geological  Sheet  19;  six-iuch 
Argyll  232. 

The  quartzite  in  the  immediate  neighbourhood  of  Port  Ellen 
is  more  or  less  sheared,  very  felspathic  and  full  of  iron  pyrites; 
it  is  consequently  not  very  generally  suitable  for  retractoiy 
material.  A  quarry  has,  however,  been  opened,  1^  mile  out  of 
the  town  on  the  iiridgend  road,  in  an  unmoved,  hard,  compact 
white  rock,  which  appears  to  be  much  purer  than  the  quartzite 
nearer  the  coast.  The  outcrop  of  this  band  extends  westwards 
along  the  strike  to  the  roadside  north  of  Carnmore  House,  but 
in  this  direction  becomes  charged  with  oxidised  crystals  of 
pyrites.  The  rock  in  the  quarry  is  at  present  used  for  dry-^tone 
walls. 

Description  of  rocks — 

19545.  Shoio.  A  few  yards  N.  of  N.  end  of  Bonahaven  Distillery,  Islay.  White, 
fine-grained,  somewhat  translucent  quartzite.  Completely  silicified.  Maixdj"  quartz 
with  a  small  proportion  of  microcline.  There  is  a  little  interstitial  secondary  mica. 
<lrains  about  02  mm. 

19540.  Low  shorc-diff  immediately  N.  of  Inver  Cottage,  Jura.  Palest-grey,  fine- 
grained, saccharoidal  quartzite.  Slightly  iron-stained  on  joints.  Similar  to  the  Islay 
rock  deacribed  above. 

Loch  Leven. 

Maps :  One-inch  Ordnance  and  Geological  She«t  53  ;  six-uich 
Inverness-shire  166  N.E.,  167  N.W. 

One  of  the  principal  bauds  of  quartzite  in  the  Lochaber  Series 
of  metamorphic  rocks  is  exposed  at  frequent  intervals  along  the 
north  shore  of  Loch  Leven,  between  North  iJallachulish  and 
Kinlochleven,  the  eastern  outcrop  being  about  7  miles  from  North 
liallacliulish  by  the  coast  road.  The  purest  rock  is  apparently 
that  on  the  eastern  margin  of  the  area;  towards  the  west  it  lends 
to  become  thin-bedded  and  occasionally  schistose,  and  includes 
thin  intercalations  of  phyllite  or  mica-schist. 

In  the  bay  opposite  Caolasnacon  the  quartzite  is  very  liurd, 
pure,  and  white;  it  occurs  in  beds  6  in.  to  2  ft.  in  thickness 
dipping  to  N.W.  at  20"^  to  25°.  A  large  area  of  rock  is  expc^^ed 
along  the  shore  and  at  the  roadside,  with  little  or  no  cover.  At 
the  western  horn  of  this  bay  the  quartzite  is  interrupted  bv  a 
belt  of  phyllite  about  300  yards  in  breadth;  to  tlie  west  of  this 
belt  it  reajjpoars  at  Euadli  Cladaich,  and  is  frequentlv  exposed 
along  the  roadside  nearly  as  far  west  as  Callai-t  Cottage.  The 
rock  in  these  exposures  is  generally  more  flaggy  and  perha])s  less 
pure  than  in  th'»  bay  op])osi(o  Caohisnacon,  but  at  certain  jxiints 
seems  of  quite  as  good  finality  as  in  the  bay  aforesaid. 

There  i?  a  good  road  along  the  shore  to  North  Ballachnlish, 
where  there  are  facilities  for  shiiinient,  but  a  very  strong  tideway. 
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The  same  quartzite  appears  on  the  south  side  of  Loch  Leven, 
east  of  the  mouth  of  Glencoe,  but  is  not  so  accessible,  there  being 
no  road  on  this  side  of  the  loch  beyond  Glencoe  House. 
Description  of  rocks — 

19549.  N.E.  end  of  Loch  Leven,  roadside,  J  mile  N.E.  of  Kinlochleven  Pier. 
Almost  white,  fine-grained,  eaccharoidal  quartzite.  Grain  O'l  to  0*2  mm.  Mainly 
quartz  with  a  small  proportion  of  white  mica  and  microchne-felspar.syt  fcfe  Iftifc:  bl 

19547.  N.W.  shore  of  Loch  Leven,  ^  mile  N.W.  of  Caolasnacon,  Inverness-shire. 
White  moderately  coarse-grained  quartzite.  Completely  silicified.  LLcaceous  films 
at  intervals.  Consists  of  a  mass  of  interlocking  quartz-grains  that  are  enlarged  and 
completely  silicified.  Is  remarkably  free  from  impurities  of  aU  kinds,  being  practically 
non-felapathic.     There  is  a  small  amoimt  of  finely  divided  mica. 

Appin. 

Maps :  One-inch  Ordnance  and  Geological  Sheet  53 ;  six-inch- 
Argyll  43  N.E. 

The  Appin  quartzite  is  exposed  at  the  surface  over  a  consider- 
able area  on  the  promontory  forming  the  west  side  of  Cuil  Bay. 
It  is  there  a  hard,  compact  white  rock,  but  generally  contains  a 
good  deal  of  iron  pyrites,  disseminated  through  the  rock  in  small 
specks. 

Layanha  Quarry,  Duror. 

The  Appin  quartzite  is  quarried  on  the  hillside  above  Laganha. 
South  of  Kentallen  Station. 

Maps :  One-inch  Ordnance  and  Geological  Sheet  53 ;  six-inch 
Argyll  44  N.W. 

Latitude  56°  39'  12".     Longitude  5°  15'  18". 

Proprietor,  J.  R.  Macalpine  Downie,  Aj^pin  House,  Appin. 

The  rock  is  a  thick-bedded,  white,  somewhat  fehpathic  quart- 
zite, and  appears  to  be  free  from  iron.  It  has  recently  been 
worked  for  use  as  a  polisher  and  supplied  to  Lever  Bros.,  Port 
Sunlight;  and  to  Brookes,  for  "Monkey  Soap."  It  is  now  sent 
to  Kirkcaldy  and  Glasgow,  chiefly  for  grinding  up  with  pottery 
clay.  It  has  also  been  supplied  to  Stein's  Silica  Brick  Works 
for  cylinder  linings. 

Description  of  rock — 19548.  Wiiite  coarse-grained  quartzite.  Composed  of  closely 
interlocking  grains  of  quartz,  0'5  to  I'O  mm.,  with  a  good  deal  of  microperthitio 
orthoclase  felspar.     Practically  fiee  from  other  impurities. 

Glen  Orchy. 

Maps :  One-inch  Ordnance  and  Geological  Sheets  45,  46 ;  six- 
inch  Argyll  90 ;  the  geological  six-inch  map  ic  not  published,  but 
can  be  seen  at  the  Geological  Survey  Office,  Edinburgh. 

The  Glencoe  quartzite  is  well  exposed  along  the  banks  of  the 
river  Orchy,  between  the  mouth  of  the  tributary  stream,  the  Allt 
Broighleachan,  and  the  upper  falls  (Eas  a'Chathaidh  on  six-inch 
map),  a  distance  of  about  a  mile. 

The  rock  also  lies  close  to  the  surface  beneath  a  thin  covering  of 
peat  for  some  little  distance  from  the  eastern  river  bank. 

The  Glen  Orchy  quartzite  is  hard,  white,  and  generally  flaggy, 
few  of  the  beds  reaching  a  foot  in  thickness.  The  rock  between 
the  divisional  planes  appears  to  be  pure  and  highly  siliceous  with 
occasional  veins  of  pink  felspar.  It  is,  however,  much  jointed, 
and  the  irregular  joint-planes,  as  well  as  those  indicating  original 
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bedding,  are  usually  more  or  less  thickly  coated  with  white  mica. 
The  amount  of  this  mineral  present  in  a  large  quantity  of  the 
crushed  rock  might  reduce  the  refractory  value  of  the  material, 
but  could  be  removed  by  washing. 

^  The  Inveroran-Dalmally  road  follows  the  eastern  bank  of  the- 
river;  the  outcrops  are  distant  6  to  7  miles  from  Dalmally  Station 
on  the  Callander  and  Oban  Ilailway. 

Samples  of  quartzite  from  Jura,  Laganha,  N.  side  of  Loch 
Leven  and  Glen  Orchy  have  been  submitted  to  Mr.  William 
Donald,  of  the  PJglinton  Silica  Brick  Co.,  Ltd.,  Glasgow,  for 
examination  and  testing. 

Mr.  Donald  is  of  opinion  that  the  quartzite  from  the  north  side 
of  Looh  Leven,  Ballachulish,  is  that  likely  to  yield  material  best 
suited  for  the  manufacture  of  silica-bricks. 

Dalmally. 

Other  outcrops  of  the  Glencoe  Quartzite  examined  in  the  neigh- 
bourhood of  Dalmally  are  situated  :  — 

(1)  In  Glen  Strae,  |  mile  north  of  the  farmhouse  of  Dhuletter, 
where  the  rock  is  exposed  in  a  large  tributary  of  the  river  Strae 
on  the  right  bank.     One-inch  Sheet  45;  six-inch  Argyll  90. 

(2)  On  the  steep  southern  slope  of  Beinn  Udlaidh,  between 
Tyndrum  and  Dalmally;  the  quartzite  is  seen  in  a  stream  imme- 
diately west  of  Airidh  Mheadhonach,  and  about  300  yards  above 
the  Tvndrum  road  at  the  4^  mile-stone  from  Tvndrum  Station. 
One-inch  Sheet  46;  six-inch  Argyll  90  S.E. 

At  neither  of  the  above-mentioned  localities  does  there  appear 
to  be  any  large  quantity  of  rock  equal  in  quality  to  the  Glen 
Orchy  quartzite,  nor  would  it  be  equally  accessible. 

Loch  Fine,  Argyllshire. 

Maps :  One-inch  Ordnance  and  Geological  Sheet  29 ;  six-inch 
Argyll  180  N.E.,  181  JN.W.,  S.  VV. ;  geological  map  not  published. 

The  broad  belt  of  rock  on  the  west  side  of  Loch  h'ine,  between 
Tarbert  and  Ardrishaig,  shown  as  '  quartzite-schist  "  on  the 
geological  map,  Sheet  29,  includes  a  good  deal  of  soft  micaceous 
schist,  together  with  rocks  intermediate  in  character  between 
mica-schist  and  quartzite. 

Intercalated  with  the  less  quartzose  bands  there  are,  however, 
bands  uf  good  quartzite  or  quartzite-schist  which  are,  perhaps, 
worth  attention  as  a  possible  source  of  refractory  material. 

The  thickest  of  these  bands  occur  for  the  most  part  between  a 
point  300  yards  S.S.E.  of  Mounterins  and  Stronchuillin ;  they 
rarely  exceed  8  to  10  ft  in  thickness,  and  are  so  intercalated  and 
interfoldod  with  less  siliceous  b?ds  that  considerable  care  would 
have  to  be  exercised  in  quarrying  to  avoid  the  inter-mixture  of 
inferior  material. 

None  of  these  bands  is  absolutely  homogeneous;  small  patches 
of  blue  or  opalescent  quartz,  the  residue  of  original  pebble^  are 
occasionnlly  visible,  but  are  quite  subordinate  to  the  clear, 
recrystallised  granulitic  quartz.  Specks  of  brown  biotite  and  iron 
pyrites,  as  well  as  small  spots  of  brown  iron  oxide,  are  also  present 
to  a  varying  extent. 
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The  rock  along  the  shore  is  for  the  most  part  quite  bare,  but 
the  amount  of  material  that  could  be  got  from  any  one  bed  by- 
quarrying  between  the  sea  and  the  high  road  which  follows  the 
coast  could  not  be  large.  To  the  west  of  the  road  is  a  rocky  slope 
where  there  is  also  practically  no  cover. 

The  distance  by  sea  to  Greenock  is  50  miles;  there  are  narrow 
beaches  at  intervals  along  the  shore. 

(5)  Cherts. 
LANARKSHIRE, 

East  side  of  the  Caledonian  Eailway  Main  Line,  between 
Abington  and  Crawford. 

Maps:  One-inch  Ordnance  Sheet  15;  six-inch  Lanark  47  N.W. 
The  corresponding  Geological  Survey  six-inch  map  is  not  pub- 
lished, but  can  be  consulted  at  the  Survey  Office,  33,  George 
Square,   Edinburgh. 

Cherts  of  Arenig  (Lower  Silurian)  age  are  well  exposed  on  the 
steep  hillside  immediately  east  of  the  railway,  rather  more  than 
a  mile  south  of  Abington  Station;  the  best  exposures  are  found 
between  2,400  and  2,700  ft.  south-east  of  the  foot  of  Glengonnar 
Water  and  between  60  and  160  yards  south-east  of  the  site  of  an 
old  camp  indicated  on  the  one-inch  map. 

The  width  of  the  crop  here  varies  between  50  and  100  yards, 
and  is  marked  by  numerous  small  scars  of  chert  varying  in  colour 
from  nearly  white  to  nearly  black. 

The  band  can  be  traced  up  the  hill  in  a  north-easterly  direction 
for  100  yards  or  more;  but  beyond  this  is  more  obscured;  in  all 
probability  it  continues  much  farther  in  the  same  direction,  as 
indicated  on  the  six-inch  geological  map.  The  best  exposures 
are  distant  between  250  and  350  yards  from  the  railway;  their 
elevation  above  the  line  varies  from  a  little  over  100  to  perhaps 
300  ft. 

The  chert  is  crossed  by  a  number  of  thin  quartz  veins  and 
brown  iron-stained  joints  running  in  all  directions. 

Another  outcrop  of  chert  in  close  proximity  to  the  railwav  will 
be  found  betw,een  3,400  and  3.700  ft.  S.W.  bv  S.  of  the  foot  of 
Glengonnar  Water,  and  380-480  yards  S.S.AY^  of  the  site  of  the 
camp  already  referred  to. 

On  the  southern  slopes  of  Southwood  Eig  there  are  consider- 
ably broader  outcrops  of  the  same  bed  of  chert,  the  increase  in 
the  width  being  due  to  constant  repetition  by  folding;  these 
slopes  are,  however,  600  yards  or  more  from  the  railway. 

The  same  chert  band  must  also  crop  out  on  the  western  side  of 
the  line,  but  is  not  well  seen  there  on  account  of  the  greater  thick- 
ness of  the  superficial  material.  The  western  slopes  are  also 
separated  from  the  railway  bv  the  river  Clyde  and  th,'^  public 
highway. 

AYRSHIRE. 

Maps:  One-inch  Ordnance  and  Geologic.il  Sheet  7;  six-inch 
Avr  65  N.E. 
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Great  masses  of  radiolarian  chert  are  exposed  in  the  face  of 
the  cliif  a  little  to  the  south  of  lieunau  Cave,  2  miles  north  of 
Baliaiitrae.  At  the  foot  of  the  cliff  lies  the  raised  beach  over 
which  passes  the  main  road  from  Ballantrae  to  Girvan.  The  cliff 
is  about  150  ft.  high,  and  at  its  base  is  a  pile  of  broken  rock  from 
which  material  is  occasionally  taken  for  load-metal  and  dry-stone 
dykes. 

The  chert  occurs  in  bands  from  3  to  15  in.  in  thickness,  alterna- 
ting with  cherty  slates  and  shales.  The  beds  are  vertical  and 
the  rocks  arranged  in  vertical  folds;  the  principal  beds,  conse- 
quently, can  be  followed  from  the  foot  to  the  top  of  the  cliff.  Much 
of  the  chert  is  green  or  greenish-grey  in  colour^  but  the  bedding- 
planes,  and  sometimes  also  the  interior  of  the  rock,  may  be 
stained  dark  red  with  oxide  of  iron.  A  breadth  of  20  to  30  ft.  of 
chert,  with  a  little  intercalated  slate,  can  be  traced  up  the  cliff. 
The  exposure  is  near  a  good  road,  and  distant  only  2  miles  from 
Ballantrae,  where  the  chert  could  be  shipped.  Should  the  rock 
prove  suitable  for  use  as  refractory  material  it  could  be  easily 
quarried  and  sent  to  any  part  of  the  West  of  Scotland  or  Eng- 
land. 

A  full  description  of  the  geology  of  the  district,  with  sketch 
maps,  will  be  found  in  "  The  Silurian  Rocks  of  Britain,"  vol.  i. 
(Mem.   Geol.  Survey),  1899,  p.  433. 
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CHAPTER    XII. 

SAND  AND   CLAY  POCKETS  IN  THE  PEAK  DISTRICT 
OF   DERBYSHIRE    AND    STAFFORDSHIRE. 

Introduction. 

Derbyshire. — On  the  bigli  ground  iorming  the  southern  part 
of  the  main  outcrop  of  the  Carboniferous  Limestone  in  Derbyshire 
are  deposits  of  sand  and  clay  of  considerable  industrial  importance 
and  geological  ijiterest.  These  deposits  are  found  in  pockets  in 
the  limestone  within  an  area  situated  south  of  Monyash  and 
Youlgreave,  east  of  Hartington,  west  of  Winster  and  limited  on 
the  south  by  the  common  boundary  of  the  limestone  and  shales. 

The  pockets  occur  without  any  obvious  arrangement,  their 
existence  can  be  proved  only  by  shallow  excavations  or  boring; 
m.ost  of  them  are  found  at  elevations  between  900  and  1,100  ft., 
but  they  are  usually  situated  in  slight  depressions.  The  deposits 
vary  in  size,  from  small  single  pipes  to  large  irregular  masses, 
with  an  area  of  100  to  200  square  yards,  and  an  unknown  depth. 
The  form  of  the  deposits  is  influenced  in  some  cases  by  the  pre- 
valent direction  of  jointing  in  the  limestone;  occasionally  they  are 
in   association  with  ferruginous  and  lead-bearing  mineral  veins. 

The  materials  filling  the  pockets  are  uniform  in  character 
throughout  the  district,  a  pale  grey,  drab  or  white  sandy  clay 
'  ganister '  predominates,  with  this  are  associated  white  sands 
and  beds  or  streaks  of  white  or  greenish-white  highly  plastic  clay 
and  pebbles  of  quartzite,  vein  quartz  and  sandstone.  In  some  parts 
the  sands  and  clays  are  strongly  stained  in  places  with  iron  oxide, 
hut  the  bulk  of  the  material  is  remarkably  clean ;  occasionally  a 
small  amount  of  black  clay  has  been  observed.  The  sands,  clays 
and  pebbles  often  show  no  regular  bedding,  but  occur  in  masses 
without  order,  on  the  other  hand,  steep  bedding,  inclined  towards 
the  centre  of  the  deposit,  is  observable  in  places  in  most  of  the 
pits  as  they  are  developed ;  or  a  well-marked  basin  shaped  bedding 
is  seen,  produced  no  doubt  by  the  gradual  sagging  of  the  contents 
of  the  pocket. 

The  purer  white  incoherent  sands  consist  almost  entirely  of 
angular  quartz  of  all  dimensions  from  minute  chips  to  Grains 
of  about  0'3  mm.  Mica  is  not  common,  and  felspar  practically 
absent.  There  is  nothing  that  can  properly  be  styled  argillace- 
ous matter,  but  each  grain  of  quartz  has  a  pellicle  of  kaolinitic 
material.  Detrital  heavy  minerals  of  the  usual  nature  are 
moderately  abundant. 

In  the  less  coherent  sands  (so  called  'ganister'),  which  are 
less  pure  in  composition  and  colour,  the  bulk  of  the  material  is 
quartz  of  similar  character  to  that  of  the  purer  samples,  but  true 
argillaceous  matter  is  more  abundant,  and  mica  and  micaceous 
aggregates  are  conspicuous.  A  certain  amount  of  kaolinitic 
material  is^  present  in  these  sands,  also  in  about  the  same  pro- 
portion as  in  the  purer  varieties. 
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Tha  geological  age  of  tliese  deposits  is  indefinite,  possibly  post- 
Triassic  and  pre-Glacial.  The  cavities  are  such  as  are  commonly 
formed  in  limestones  by  subterranean  solution,  and  the  nature  of 
their  contents  points  to  both  Triassic  and  Carboniferous  sources 
for  the  sands,  clays  and  pebbles. 

Pits  are  now  in  operation  at  Parsley  Hay,  Friden,  Alsop  Moor, 
Brassington,  Carsington;  others,  which  are  either  partially  ex- 
hausted or  difiicult  to  work  are  at  Minningiow,  Longclilf  and 
Low  Moor. 

Reserves  in  pocket  formations  are  always  difficult  to  estimate, 
but  the  evidence  of  the  pits  themselves,  which  descend  60  to  80 
ft.  into  the  deposits  without  showing  signs  of  reduction  in  their 
quality,  is  supported  by  the  records  of  old  lead  mining.  Thus, 
near  Brassington,  the  Wester  Hollow  Mines  were  dug  in  a  deposit 
of  white  sand  to  a  depth  of  18  to  30  fms. ;  and  the  Washmere 
Mine  near  Friden  passed  through  35  fms.  of  sand  and  clay  without 
reaching  the  solid  rock.  These  mines  were  working  carbonate 
of  lead.  Moreover,  surface  indications  point  to  the  probability 
of  more  pockets  being  found  in  the  district,  as  the  demand  for 
new  sites  stimulates  further  trial  boring.  The  reserves  may 
therefore,  be  regarded  as  ample,  both  laterally  and  vertically. 

The  pockets  are  always  operated  as  open  pits,  usually  with  an 
inclined  tram-line  for  haulage,  with  steam  or  suction  gas  power. 
The  different  grades  of  sandy  clay,  argillaceous  sand,  ])ebbles, 
etc.,  are  carefully  sorted  during  the  process  of  digging.  Some  of 
the  materials  are  supplied  to  customers  in  the  raw  state  or  simply 
ground.  The  'ganister'  has  long  been  employed  as  a  natural 
ganister  mixture  for  setting  and  stopping  in  furnace  work ;  the 
purer  white  sand  has  been  sold  for  furnace  hearths,  and  special 
qualities  of  clay  for  different  ])ur])oses  in  pottery  and  sanitary- 
ware  manufacture;  the  yellow  argillaceous  sands  have  been  tried 
for  steel  moulding. 

Brick-making  plant  is  adjacent  to  the  pits  at  Parsley  Hay, 
Alsop  Moor,  Friden,  Brassington  and  Longcliff.  The  typical 
brick  made  of  the  local  material  is  a  siliceous  firebrick,  but  in 
recent  years  a  silica-brick  has  been  made  at  Friden  with  impoited 
silica-stone.  The  pebbles  are  in  some  cases  crushed  and  added 
to  the  brick  mixture. 

Facilities  for  transport  are  provided  by  the  Cromford  and  High 
Peak  Branch  (mineral  line)  and  the  Parsley  Hay  and  Buxton 
Branch  of  the  London  and  North  Western  llailway. 

Staffordshire. — In  the  same  geological  district,  but  within  the 
county  of  Stafford,  sand  pits  occur  in  the  limestone  on  tlie  north- 
western end  of  tlie  Weaver  Hills,  about  1  mile  south  of  Caldon 
village  and  2\  miles  by  inad  from  Oakamoor.  Tlie  deposits 
resemble  those  described  above,  but  with  the  interesting  addition 
of  blocks  of  still  undecomposed  Bunter  Pebble  Bed  sandstone. 
These  lie  in  an  irregular  manner  at  the  side  of  one  of  the  pits. 
The  sandy  clay,  pebbly  sandstone,  etc.,  are  employed  together  to 
make  a  siliceous  firebrick  at  the  brick  works  at  Oakamoor.^ 


^  '  The  Geology  of  the  Carboniferous  Limestone,  Yoredale  Rocka  and  Millstone  Grit, 
North  Derbyshire  '  {Mtm.  Giol.  Sure),  ed.  2,  1887,  p.  163. 
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DERBYSHIRE. 


High  Peak  Silica  Company. 

Parsley  Hay,  Buxton. 

Longdale  Pit. 

Works :  About  \  mile  south-east  of  Parsley  Hay  Station. 

Pits:  LougdaJe  Pit,  ou  tlie  north  side  of  Longdale,  about 
f  mile  south-west  of  Parsley  Hay  Station. 

Maps :  One-inch  New  Ser.  Ordnance  111 ;  Old  Ser.  Geological 
81  i!>.Ej.;  six-inch  Herbj'shire  27  S.E. 

Latitude  53°  9'  34".     Longitude  1°  47'  20". 

The  bulk  of  the  material  in  this  pit  is  white  argillaceous  sand. 
Local  varieties  occur  as  in  all  these  dej)osits;  thus,  some  of  the 
sand  has  a  fine  even  grain  and  is  almost  free  from  clay,  though 
most  of  it  contains  sufficient  to  make  a  plastic  mass  when  moist; 
in  places  the  clay  preponderates.  Pebbles  of  quartzite  and  sand- 
stone occur  in  patches  through  the  deposit,  associated  in  one  spot 
with  coarse  grit  'rough  sand.'  A  good  deal  of  angular  bleached 
chert  occurs  near  the  top  un  the  west  side,  together  with  patches 
of  black  material. 

The  sand  is  hauled  ujj  an  incline  and  trammed  a  short  distance 
to  the  works. 

The  pit  is  about  60  ft.  deep ;  on  the  north,  south  and  west  sides 
the  limestone  walls  of  the  swallow  hole  are  visible,  a  belt  of 
yellow  clay  appears  on  the  eastern  side.  There  is  a  cover  of 
4  to  8  ft.  of  soil  with  limestone  blocks. 

The  pit  is  free  on  the  whole  from  iron  stain,  but  in  wet  weather 
a  little  yelloAV  clay  is  washed  down  to  the  bottom  of  the  pit  from 
the  upper  parts  and  is  allowed  to  settle. 

Reserves:  The  bottom  of  the  deposit  has  not  been  reached, 
its  depth  is  unknown ;  laterally  this  pit  is  probably  not  capable 
of  much  development,  but  the  firm  has  proved  the  existence  of 
oth?r  pockets  near  by. 

Products:  The  raw  materials  are  '  ganister,'  i.e.,  the  average 
grade  of  argillaceous  sand  occurring  in  the  pit;  'white  sand,' 
witli  less  clay;  and  'best  select'  white  clay,  a  fine  sand  with 
more  clay. 

At  the  works  the  principal  output  is  siliceous  brick,  hand 
m.oulded.  The  ordinary  brick  mixture  contains  ganister  (sand) 
and  white  clay,  with  some  brick  grog  and  broken  quartzite 
pebbles ;  to  which  is  added  a  small  amount  of  the  yellow  down- 
wa.-^h  mentioned  above,  which  gives  a  v/arm  tint  to  the  fired  brick. 
To  special  order  a  white  brick  is  made  of  the  '  ganister  '  alone. 
Ganister  is  sold  either  raw  or  ground;  it  used  to  be  ground  wet 
and  then  dried  before  transport,  for  most  purposes  this  has  been 
found  unnecessary,  and  it  is  now  more  often  merely  dried.  The 
white  sand  most  free  from  clay  is  used  for  steel  hearths. 

Marlets :  Steel  works  and  coke  ovens  in  SheflSleld,  Lancashire 
and  other  parts  of  England.  There  is  a  special  customer  for  the 
'  best  select  '  white  clay. 
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Transport :  Parsley  Hay  Station  on  the  Parsley  Hay  and 
Buxton  Branch,  L.  and  N.W.  Ilailway.  TLe  line  passes  close  to 
the  works. 
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Fig.  8. — Map  showing  the  distribution  of  Sand  and  Clay  Pits  in 
the  High  Peak  district  of  Derbyshire  and  Staffordshire. 


High  Peak  Silica  Company. 

Parsley  Hay,  Buxton. 

Alsop  Moor  Pit. 

Works  and  pit :  Situated  about  a  mile  north  of  Alsop-en-le-Dale 
Station,  on  the  Newhaven  road  near  its  junction  with  the  road 
to  Hartington.     Adjacent  to  the  Buxton  Lime  Firm's  kilns. 

Map:  One-inch  New  Ser.  Ordnance  111;  Old  Ser.  Geological 
81  S.E.;  six-inch  Derbyshire  33  S.W. 

Latitude  53°  6'  10".     Longitude  1°  45'  41". 

This  pit  is  about  30  ft.  deep,  showing  on  its  eastern  side  a  good 
thickness  of  hard  and  firm  white  argillaceous  sand.  The  northern 
face  exhibits  clearly  both  the  steep  inward  dip  of  the  bedding, 
about  60°  towards  the  west,  and  in  another  part  of  the  face  their 
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downward  sagging  or  basin-like  curvature,  accompanied  by  some 
small  faults.  Some  of  these  beds  are  stained  red  or  yellow.  Six  ft» 
of  soil  forms  the  overburden,  which  is  sharply  marked  off  from 
the  underlying  deposit. 

The  works  are  more  modern  than- those  at  Parsley  Hay  and  are 
situated  immediately  outside  the  pit,  but  the  products  and  treat- 
ment are  similar.  The  argillaceous  sand  or  '  ganister'  is  hauled 
up  an  incline  direct  from  the  pit  floor  to  the  mills. 

Transport :  Sidings  on  the  Parsley  Hay  and  Buxton  line  adjoin, 
the  works. 

The  Derbyshire  Silica  Firebrick  Co. 

Friden  Station,  Hartington,  near  Buxton. 

Friden,   Washinere  and  Blakemoor  Pits. 

Worhs :  Adjoining  the  Cromford  and  High  Peak  mineral  line,, 
on  the  road  from  Newhaven  to  Bake  well. 

Pits :  The  firm  is  working  three  pits  :  Friden  Old  Pit,  200  yards 
west  of  the  works  and  just  north  of  Cabins  Plantation;  W ashmere 
Pit,  j-mile  south  of  the  works,  near  Old  House  Farm ;  and  Blake- 
moor Pit,  1\  mile  N.W.  of  the  works,  near  Arbor  Low. 

Ma'ps :  One-inch  New  Ser.  Ordnance  111 ;  Old  Ser.  Geological 
81  S.E. ;  six-inch  Derbyshire  28  S.W. 

Friden  Old  Pit:  Latitude  53°  8'  23".     Longitude  1°  45'  4". 

Washmere  Pit :   Latitude  53°  8'  15".     Longitude  1°  44'  55". 

Blakemoor  Pit:  Latitude  53°  9'  50".     Longitude  1°  45'  50". 

The  materials  in  these  pits  are  of  the  usual  character,  white 
and  grey  argillaceous  sands  make  up  the  bulk  of  the  deposit  in 
each.  Friden  Pit  is  the  largest,  about  80  ft.  deep  and  100  yards 
square.  The  following  varieties  of  materials  are  recognisable  in 
the  pit;  Grey  sand,  'ganister,'  white  sand  (argillaceous),  grey 
clay,  white  clay,  '  soapy  '  white  clay.  In  the  Washmere  Pit, 
which  is  shallower,  from  12  to  30  ft.  of  grey-argillaceous  sand  is 
exposed,  there  is  also  a  little  white  clay  and  some  sand  almost 
free  from  clay.  The  contents  of  the  Blakemoor  Pit  are  more 
irregular  in  character;  pebbles  which  are  not  abundant  at  the 
other  tvro  j)its  are  here  very  numerous,  a  small  amount  of  black 
clay  and  a  greenish  clay  occur. 

Reserves:  In  none  of  the  pits  has  the  deposit  been  bottomed, 
and  in  the  case  of  Washmere,  the  evidence  of  old  lead  mines 
points  to  a  large  extension  in  the  immediate  neighbourhood.  The 
reserves  on  the  firm's  property,  though  not  fully  proved,  should 
be  very  large. 

Treatment:  The  raw  material  from  the  three  pits  is  sorted  at 
the  pits  and  the  works,  different  grades  being  stored  separately. 
Some  of  the  clay  is  dried  before  grinding  and  mixing.  When 
prepared,  the  ground  mixture  is  fed  by  a  bucket  elevator  on  to 
a  belt  conveyor  which  runs  over  a  series  of  large  bins,  into  which 
it  drops  its  load  as  required.  While  on  the  conveyor  the  mixture 
is  wetted — this  prevents  dust — and  the  soaked  mass  is  allowed 
to  stand  in  the  bin  for  about  a  week ;  this  process  is  said  to  facilitate 
subsequent  manipulation. 
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Products :  The  works  produce  three  grades  of  refractory  ware : 

(1)  Bricks  and  shapes  and  segmental  retort  blocks  contain- 

ing 91  to  925  per  cent,  of  silica. 

(2)  Bricks  ("B.B."  brand)  for  coke  ovens,  with  89  to  91 
per  cent,  of  silica. 

(3)  Siliceous  bricks,  ordinary  grade,  containing  85  to  88 
per  cent,  silica. 

Transport :  Raw  materials  are  trammed  from  the  pits  adjoining 
the  works  and  put  on  the  mineral  line  from  the  Blakemoor  Pit. 
Goods  are  put  on  the  Cromiord  and  High  Peak  line  at  Friden 
Wharf. 

SwANN,  Ratcliffe  &  Co.,  Ltu. 

Brassington,  Wirksworth. 

Brassington  Pit. 

Worlds :  Canister  and  brick  works  adjoining  Harboro'  Farm 
on  the  Cromford  and  High  Peak  Mineral  Railway;  1  mile  north- 
east of  Brassington. 

Pits :  Situated  close  to  the  works,  with  which  it  is  in  communi- 
cation by  inclined  rail. 

Maps:  One-inch  New  Ser.  Ordnance  111;  Old  Ser,  Geological 
72  N.E. ;  six-inch  Derbyshire  33  S.E. 

Latitude  53°  5'  30".     Longitude  P  38'  35". 

The  pit  lies  in  a  deposit  of  the  usual  type;  it  is  from  50  to 
60  ft.  deep,  and  contains  a  large  proportion  of  good  workable 
material.  The  two  principal  kinds  are  white,  slightly  argillace- 
ous sand,  pulverulent  when  dry,  and  '  best  clay '  a  drab  sandy 
clay  resembling  the  '  ganister  '  of  the  other  pits.  Subordinate  to 
these  are  bright  yellow  loamy  sand,  possibly  suitable  for  mould- 
ing, a  white  soapy  clay  (not  used  at  present),  greenish  clay,  and 
masses  of  quartzite  pebbles.  The  bedding  where  visible  is  almost 
vertical.     * 

Reserves :  In  the  pit  and  immediate  neighbourhood,  large. 

Products  :  Ground  ganister,  silica  sand,  and  siliceous  fire-bricks. 
One  grade  of  firebrick  only  is  made,  but  it  can  be  supplied  either 
hand-made  or  machine  pressed.  Common  bricks  are  to  be  made 
with  the  clay  unsuitable  for  firebrick. 

Transport :  Goods  are  put  on  rail  at  sidings  close  by  the  works 
on  the  Cromford  and  High  Peak  Railway. 

Mil.  H.  FowLDS. 

65,  Devonshire  Street,  Keigbley,  Yorks. 

Carsington  Hill  and  Lojigcliff  Pits. 

\VorTis :  Near  Lougcliff  Wharf. 

Pits :  Carsington  Hill  Pit,  about  i  mile  south  of  Harboro' 
Farm.  Lcngrlift'  Pit,  east  of  the  Jug-and-Glass  Inn,  on  the  Ash- 
bourne-Matlock road,  and  near  Lougcliti:  AVharf,  on  the  High 
Peak  line. 
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Maps:  One-incli  New  Ser.  Ordnance  124  (Carsington),  111 
(Longcliif ) ;  Old  Ser.  Geological  72  N.E. ;  six-inch  Derbyshire 
33  S.E. 

Carsington  Pit:  Latitude  53°  5'  12".     Longitude  1°  38'  20". 

Longcliff  Pit:  Latitude  53°  5'  50".     Longitude  1°  39'  35". 

The  Carsington  Pit  is  a  small  one  containing  the  usual  type 
of  deposit. 

Longcliff  Pit,  a  largo  old  pit  from  which  much  material  has 
been  taken  in  the  past  for  firebrick,  is  now  overgrown  and  little 
worked. 

Minninglow    and    Low    Moor     Pits. 

Besides  the  foregoing  pits  there  are  others  at  Minninglow  and 
Low  Moor,  now  in  disuse. 

Maps:  Minninglow  and  Low  Moor.  Oiie-inch  New  Ser. 
Ordnance  111;  Old  Ser.  Greological  81  S.E. ;  six-inch  Derbyshire 
33  N.E.  (Minninglow),  33  S.W.  (Low  Moor). 

Minninglow:  Latitude  53°  6'  50".     Longitude  1°  41'  58". 

Low  Moor :  Latitude  53°  6'  12".     Longitude  1°  43'  0". 

The  Minninglow  pit,  situated  west  of  the  Low  and  the  mineral 
railway  and  south-east  of  Minninglow  Grange,  is  a  large  one  now 
overgrown,  and  the  brick  works  are  in  ruin;  when  in  working 
condition  it  showed  a  large  amount  of  yellow  and  red  clay  and 
sand  resting  on  white  argillaceous  sand  and  sandy  clay. 

Low  Moor  Pit,  at  Low  Moor  Farm,  1  mile  south-west  of  Min- 
ninglow, is  a  small  pit  showing  about  30  ft.  of  whitish  sandy  clay 
on  the  north  side  with  red  sand  and  some  black  shale  on  the  south. 
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E.  &  E.  Bottom. 

Oakamoor,  Stoke-on-Trent. 

Rihden  Pits. 

Works:  Adjoining  Oakamoor  Station. 

Pits :  Situated  2^  miles  from  Oakamoor  Station  towards  Caldon 
Low,  between  Hibden  Farm  and  the  mine  of  the  same  name. 

Maps:  One-inch  New  Ser.  Ordnance  124;  Old  Ser.  Geological 
72  N.E. ;  six-inch  Staffordshire  14  S.W.  Latitude  53°  1'  30". 
Longitude  1°  53'  0". 

These  pits  lie  in  the  hollow  parallel  with  and  to  the  east  of 
the  road;  the  two  northern  ones  are  disused,  pebbles  are  abundant 
in  both.  The  southern,  working  pit,  differs  from  the  others  and 
from  the  Derbyshire  pockets  in  containing  large  blocks  of  pebbly 
sandstones  tumbled  down  irregularly  on  the  western  side ;  besides 
these  blocks  the  pit  contains  material  clearly  derived  from  the 
disintegration  of  the  blocks,  j^inkish  and  yellowish  sand,  pebbles 
and  also  some  sandy  clay. 
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This  deposit  being  on  the  hillside,  is  worked  as  an  open  quarry 
from  the  flat  and  the  material  is  carted  to  Oakamoor. 

Description  of  rock — 11503.  Sandstone  pebble.  Fine-grained,  palest  yeliow- 
gray,  micaceous,  laminated  sandstone.  The  average  grain  ia  about  0'075  mm.,  and 
moderately  angular.  Mostly  quartz  with  some  mica  and  a  siliceous  cement.  Between 
the  quartz-grains  are  limonitic  soft  patches,  many  of  which  have  a  rhomboidal  outline, 
these  average  about  O'l  mm.,  and  may  represent  decomposed  carbonates  or  felspars. 
Leucoxene  is  present  as  small  grains  and  titanium  is  otherwise  represented  by  anatase 
(tables  and  pyramids),  rutile  and  brookite.  Zircon  and  tourmaline  are  present  in 
small  quantity  as  detrital  grains. 

At  the  works  the  stiift'  is  passed  between  rollers  (not  edge 
runners)  and  mixed  for  siliceous  firebrick.  Everything  goes  into 
the  brick  mixture  except  the  largest  pebbles.  A  small  quantity 
of  more  plastic  sandy  clay  occurs  in  the  pit,  this  is  kept  separate, 
ground  wet  and  then  dried  and  bagged  for  use  as  a  stopping  in 
gas  works.  To  the  materials  from  Ribden  a  small  amount  of 
dark  shale  and  thin-bedded  sandstone  ('  ganister  ')  from  near  the 
firm's  brickworks  at  Froghall  is  added  occasionally,  the  former 
to  increase  the  clay  portion,  the  latter  to  strengthen  the  silica 
portion  of  the  brick  mixture. 

Products :  Silica-brick,  '  Oakamoor '  brand,  a  siliceous  brick 
with  about  90  per  cent.  SiOj.  Also  'mending  ganister'  and 
fr.nince  clays. 

Reserves:  Ill-defined,  but  sufficient  for  many  years  at  the 
present  rate  of  consumption. 

Markets :  The  bulk  of  the  brick  output  goes  to  gas  works  in  the 
Midlands ;  steel  and  copper  works  in  the  same  area  are  also  sup- 
plied. 

Transport :  Sidings  from  the  works  at  Oakamoor  Station,  on  the 
Churuet  Valley  Branch,  North  Staffordshire  Railway. 
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CHAPTER    XIII. 
SAND   FOR   OPEN-HEARTH   STEEL   FURNACES. 

Introduction. 

There  is  at  the  present  time  a  considerable  demand  for  highly 
siliceous  sands  suitable  for  the  Siemens-Martin  steel  furnace 
hearth.  Before  the  war  Belgian  sand  was  almost  exclusively 
used  in  British  steel  works  for  this  purpose,  and  there  is  a  general 
consensus  of  opinion  among  steel  manufacturers  and  sand 
merchants  that  no  natural  sand  or  crushed  sandstones  obtainable 
in  this  country  fulfil  so  well  the  combined  qualifications  of 
cheapness  and  suitability. 

The  Belgian  sand  is  white,  pale-grey  cr  pinkish  in  colour, 
round  and  even  in  grain  and  remarkably  free  from  impurities ;  its 
silica  content  is  98  to  99  per  cent.  The  Belgian  sand  deposits, 
wliich  lie  at  or  close  to  the  surface,  are  flooded  with  water  in 
open  ponds  or  lagoons ;  the  suspended  sand  is  pumped  into  barges 
with  double  bottoms,  the  water  draining  out  during  the  carriage 
of  the  sand  to  Antwerp  for  shipping  as  ballast  or  packing. 

This  sand  ballast  was  supplied  free  of  charge  to  returning  coal 
vessels,  and  could  thus  be  delivered  at  British  ports  at  a  cost  of 
4s,  to  4s.  9d.  per  ton. 

Dutch  sand,  from  a  locality  about  30  miles  from  Rotterdam, 
has  been  used  to  a  considerable  extent  in  place  of  the  Belgian 
sand.  In  chemical  composition  and  physical  characters  it  is  very 
near  the  Belgian  product,  but  consignments  are  more  liable  to 
vary  in  quality. 

The  British  materials  employed,  particularlv  since  the  war,  for 
open-hearth  furnace  bottoms  are  the  following:  — 

(1)  Sand,  from  the  Lower  Greensand  formation  of  King's  Lynn 
('Lynn,'  or  '  Middleton  Sand'),  Norfolk;  Leighton  Buzzard, 
Bedfordshire;  and  Aylesbury,  Buckinghamshire. 

(2)  Crushed  or  easily  disintegrated  Silica-rock,  which  includes 
the  Millstone  Grit  of  Clydach  and  Llandybie,  and  the  Old  Red 
Sandstone  of  Abercriban,  in  South  Wales;  Millstone  Grit  of 
Blochairn  and  Gartverrie  in  Lanarkshire  and  Breich  in  Edin- 
burghshire; sandstones  of  the  Carboniferous  Limestone  Series  of 
Campbeltown  in  Argyllshire  and  Caldwell  in  Renfrewshire. 

The  Leighton  Buzzard  Steel-hearth  sand,  '  Ordinary  '  Grade 
(SiOg,  96  per  cent.)  is  well  spoken  of  in  some  works,  and  the 
'  double  washed  '  grade  (Si02,  995  per  cent.)  has  been  used  with 
success,  and  so  has  the  washed  sand  of  Lynn  (SiOg,  99-2  per  cent.). 
Other  sands  have  been  used  less  extensively,  for  instance  the 
Upper  Estuarine  sands  of  Huttons  Ambo,  the  Kellaways  sand  of 
South  Cave,  and  a  sand  from  Yarmouth. 
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In  the  present  state  of  knowledge  regarding  the  essential 
qualities  which  should  be  possessed  by  a  steel-hearth  sand  it  is 
not  easy  to  indicate  what  other  sands  might  be  tried.  The 
opinions  and  practice  of  furnace  managers  seem  to  difter  con- 
siderably. Though  highly  siliceous  sands  are  desirable,  they  are 
often  mixed  in  the  proportions  of  4  to  1  with  ordinary  brown 
loamy  sand,  in  order  that  they  may  frit  on  the  hearth.  In  one 
case  where  a  disintegrated  rock  is  now  used,  it  had  been  the 
practice  to  '  soften  '  the  Belgian  sand,  wheQ  that  was  employed, 
by  admixture  of  a  local  dune  sand.  It  would  appear,  therefore, 
that  it  is  really  not  necessary  to  insist  on  such  a  high  percentage 
of  silica,  and  that  British  sands  might  be  found  which  alone  or  by 
suitable  mixing  would  answer  the  purpose.  The  great  difficulty 
lies  in  the  natural  hesitation  of  the  furnace  managers  to  try 
experiments  on  a  commercial  scale  on  account  of  the  considerable 
risk  of  costly  accidents  if  the  bed  proved  unsuitable. 

Mr.  Cosmo  Johns^  says:  — 

"  Except  for  drying,  silica  sand  is  used  as  received.  It  is 
necessary  that  the  grains  should  not  be  too  small,  for  the  banks 
of  the  hearth  are  formed  by  the  sand  assuming  its  normal  angle 
of  rest,  and  this  at  furnace  temperatures,  when  many  of  the 
quartz  grains  have  passed  the  inversion  point,  is  not  so  easily 
efl'ected  as  when  the  sand  was  at  ordinary  temperatures.  It  is 
also  necessary  that  the  sand  should  possess  a  certain  degree  of 
refractoriness.  It  must  frit  in  a  reasonable  time  when  thrown 
into  the  hot  furnace  at  ordinary  working  temperatures,  and  yet 
should  not  become  viscous  during  the  prolonged  melting  opera- 
tions. It  is  possible  that  the  melting-point  of  quartz,  as  distinct 
from  that  of  cristobalite,  is  often  achieved  when  silica  sand,  in 
the  presence  of  small  amounts  of  impurities,  is  used  in  this  way. 
Extreme  purity  in  the  sand  is  of  no  advantage  when  it  is  used  by 
itself.  The  permissible  range  of  impurities  can  only  be  suft-gested 
tentatively.  AljOg  up  to  2  per  cent.,  and  probably  higher; 
FcjOg  up  to  0*5  per  cent. ;  CaO,  0'5  per  cent. ;  MgO,  0'5  per  cent. ; 
NajO,  0'15  per  cent.;  KjO,  0'15  per  cent,  would  be  admissible 
if  only  one  impurity  was  present;  if  more  than  one  are  ])ro-ent 
the  amount  would  be  reduced  proportionately." 

Sands  high  in  silica,  which  might  be  considered  for  use  on 
furnace  hearths,  occur  in  the  Folkestone  Beds  of  the  Lower  Green- 
sand  formation  at  Oxted,  Limpsfield,  Godstone  and  Eeigato  in 
Surrey ;  at  Aylesford  in  Kent ;  in  the  Bunter  of  Worksop  and 
Keuper  of  Cheshire  and  elsewhere ;  in  the  Bagshot  Beds  of  AVey- 
bridge  and  perhaps  some  of  the  '  pocket  '  sands  of  Derbyshire, 
Flint  and  Denbighshire.^  The  chemical  and  mechanical  analyses 
of  most  of  the  sands  mentioned  in  this  chapter  have  been  pub- 
lished by  Prof.  Boswell.' 

1  *  Silica  as  a  refractory  material,'  in  *  Refractory  Material,'  a  reprint  from  the 
Trinix.  Fariuldij  So' ,  vol.  xii,  1917,  p.  84. 

2  'The  Geology  of  the  neighbourhoods  of  Flint,  Mold  and  Ruthin  '  (.!/<;«.  (rrol. 
Surv.),  1890,  p.  119.     AIho  tliis  Memoir,  map.  p.  107. 

r  '  See  P.  G.  H.  Bo.swcU,  '  A  Memoir  on  British  Resources  of  Sands  suitable  for  Glass- 
making,'  London, 191G. 
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NORFOLK. 

King's  Lynn. 

Under  tlie  name  of  '  Lynn  Sand  '  the  lower  part  of  the  Lower 
Greensand  east  of  King's  Lynn  has  been  extensively  worked  for 
many  years  as  a  glass-sand  as  well  as  for  refractory  and  other 
purposes.  This  j^art  of  the  formation  is  known  geologically  as  the 
'  Sandringham  Sands.'  The  outcrop  of  the  subdivision  first  rises 
above  sea-level  at  Heacham  in  the  north  and  gradually  expands 
southward,  attaining  its  greatest  breadth  and  importance  between 
Sandringham  and  the  valley  of  the  Nar,  where  it  forms  a  belt  of 
sandy  country,  mostly  uncultivated  heathland.  Within  this  tract 
the  sand  has  been  worked  at  many  places,  the  principal  workings 
being  on  Grimston  Warren  and  in  the  angle  between  the  Lynn 
and  Dereham  branch  of  the  Great  Eastern  Railway  and  the  Lynn 
and  Fakenham  branch  of  the  Joint  Midland  and  Great  Northern 
Railways.  The  j^resent  pits  are  w^orked  by  two  companies  as 
described  below. 

The  Sandringham  Sands  throughout  their  extent  consist  mainly 
of  fine-grained  sharp  siliceous  sand,  almost  white  where  purest, 
but  generally  showing  buff,  yellow  or  rusty-red  iron-staining  in 
])atc:ues  and  veins  or  along  joint-planes,  probably  due  to  the 
decomposition  of  pyritous  nodules  such  as  occur  unaltered  in 
some  parts  of  the  formation.  The  sands  are  also  frequently 
streaked  with  grey  or  greenish  loamy  bands  which  vary  in 
number  and  thickness  from  place  to  place  and  are  sometimes 
detrimental  to  the  quality  of  the  material  worked. 

The  lowest  part  of  the  series  is  seldom  exposed,  but  from  the 
records  of  well-borings,  etc.,  it  appears  usually  to  consist  of  a 
considerable  but  variable  thickness  of  green  or  ferruginous  loamy 
bed  resting  on  the  Kimmeridge  Clay.  The  top  of  these  impure 
sands,  frequently  containing  phosphatic  nodules  in  the  basement 
sands  is  probably  reached  in  the  sand-pits  described  below.  The 
thickness  of  the  '  white  sands  '  is  usuallj^  between  30  and  50  ft. 

Joseph  Bo  am,  Ltd. 
35,  Silver  Street,  Leicester  ;  and  at  Lynn. 
Bawsey  and  Middleton  Quarries. 

Quarries :  The  pits  being  worked  in   1916  are  '  Old  Pit '  and 

*  New  '  or  '  70  Acres  Pit,'  on  opposite  sides  of  the  high  road  \ 
to  I  mile  north  of  Middleton  Station ;   and  '  Warren  Pit '    and 

*  Big  Wood  Pits,'  about  \  mile  farther  north,  or  j  to  ^  mile  south 
and  south-east  of  Gay  ton  Road  Station. 

Maps:  One-inch  New  Ser.  Ordnance  145;  Old  Ser.  Geological 
(Drift)  65;  six-inch  Norfolk  33  S.E. 

Latitude  52°  44'  15-20".     Longitude  E.  0°  28'  0-50". 

Height  above  O.D.  40-100  ft. 

Geological  age:  Lower  Cretaceous  (Lower  Greensand). 

Practically  the  same  kind  of  sand  is  obtainable  from  all  the 
pits,  the  same  local  variations  of  grain  and  colour  being  common 


NORFOLK.  179 

to  all.  The  deposits  are  curreut-bedded  and  the  various  seams 
are  probably  all  lenticular. 

In  all  the  pits  the  white  sands  are  found  to  rest  on  deeply- 
coloured  yellow  or  orange  sand  which  is  not  usually  excavated 
but  is  known  to  be  several  feet  thick.  The  height  of  the  working 
faces  ranges  from  20  to  40  ft.,  according  to  the  position  of  the 
pit  on  the  slcpes.  There  is  a  variable  wash  of  gravelly  drift  at 
the  top  in  most  of  the  sections,  and  a  capping  of  boulder-clay 
sets  in  on  the  higher  ground  north-east  and  south-east  of  the 
excavati(>ns.  In  one  part  or  another  of  the  area  controlled  the 
pits  have  bei'u  w  orked  iDy  this  firm  since  1864. 

Short  description  of  sand  under  microscope — 

3950.  Simple  from  Steel  Worlc?.  Palest  buff,  gom3what  unevenly  graded  and 
slightly  felnpathic,  quartz-sand.  The  grains  are  ,sub-angular  to  sub-rounded  and 
range  from  O'l  to  03  mm.  in  greatest  dfnx'^nsions. 

3925.  Sample  from  Steel  Works.  Almost  pure  white,  clean,  quartz-aand,  of  moder- 
ately even  grain.  Composed  almost  entirely  of  quartz-grains  of  from  O'l  to  02  mm. 
in  iamctcr  and  sub-angular  to  sub-rounded  in  form. 

S4052.  Middleton.  Palest  grey,  moderately  oven  grained  .sand.  Composed  of  sub- 
rounded  grains  of  quartz  about  02  mm.  The  pale  grey  colour  of  the  sand  is  due  to 
original  turbidity  of  the  grains  rather  than  to  any  admixture  with  argillaceous  material. 
The  sand  is  slightly  felspaithic. 

4051.  MidcUeton  (for  glass-making).  Unwashed,  simQar  to  the  above,  but  there  is 
a  slight  amount  of  clay-matter  pro-f-nt  and  the  majority  of  the  grains  show  sligh'' 
superficial  ferruginous  discoloration. 

5034.  Double-washed  hearth-sand.  Clean,  fairly  evenly  graded,  quartz-sand  of 
palest  grey  to  white  colour.  The  graias  are  sub-rounded  to  sub-angular  in  shape  and 
measure  015  to  025  mm.  Many  of  the  grains  are  turbid  with  inclusiorts.  A  little 
felspar  is  present  but  heavy  minerals  are  scantily  represented. 

Reserves :  Adequate  for  a  long  period. 

Profhicts  :  The  output  of  the  pits  ranges  up  to  about  80.000  tons 
per  annum,  of  which  about  Iwo-thirds  is  sent  for  glass  making 
and  the  remainder  for  hearth-sand  for  steel-smelting  furnaces 
and  other  refractory  purposes,  and  for  moulding  sand ;  a  little  is 
sold  for  use  as  an  abrasive.  A  washing  plant  is  installed  for  the 
southern  (Middleton)  Pits  where  the  '  washed  grade  '  sand  is  pre- 
pared. The  sand  is  marketed  under  the  following  grades :  — 
'Washed  White';  '  AVhite  ' ;  'Light  Brown';  'Dark  Brown'; 
and  '  Oxide.'  The  '  Light  Brown  '  and  '  Dark  Brown  '  grades, 
which  are  preferred  for  some  purposes,  are  the  stained  sands 
under  the  peaty  soil  in  the  upper  part  of  the  sections. 

Transport :  The  product  of  the  first  two  pits  is  carried  by  a 
short  tramway  to  a  siding  on  tlie  Clrf^at  Eastern  I\ailway,  east 
of  Middleton  Station,  and  that  of  the  other  pits  is  similarly 
conveyed  to  a  siding  on  the  Midland  and  Great  Northern  Joint 
Railway  at  Gayton  lioad  Station.  The  sand  is  occasionally  sent 
coastwi>;<>  by  sea  from  the  port  of  Lynn. 

G.\Y  &  Wilson. 

South  Wootton   King's  Lynn. 

(^I'li insfnn    Qufiny. 

Quarri/:  The  present  working  is  on  Grimston  Warren,  ^  mile 
north  of  Waveland  Farm,  and  4  miles  E.N.E.  of  Lynn. 


180  SAND  FOR   OPEN-HEARTH  STEEL  FURNACES. 

Maps:  One-inch  New  Ser.  Ordnance  145;  Old  Ser.  Geological 
(Diitt)  65;  six-incK  Norfolk  33  8.E.  and  N.E. 
Latitude  52°  45'  45".     Longitude  E.  0°  29'  25' 
Heiglit  above  O.D.  40-50  it. 

Geological  age:  Lower  Cretaceous  (Lower  Greensand).  • 

The  firm  Las  worked  the  sands  of  the  district  for  over  fifty 
years,  some  of  the  old  j^its  being  situated  about  \  mile  farther  to 
the  north-east,  on  Roy  don  Common. 

The  Grimston  Warren  Pit  has  a  working  face  20  to  25  ft.  high, 
and  i^  carried  down  to  yellow  ferruginous  sand  at  the  bottom. 
On  the  eastern  side  of  the  pit  a  capping  of  soft  yellow  Glacial 
sand  with  gravelly  streaks  overlies  the  Sandringham  Sand.  This 
was  at  first  thin  but  thickened  eastward  to  8  ft.  or  more,  and  has 
hindered  the  working  in  this  direction  as  it  is  practically  worth- 
less. On  the  opposite  side  of  the  pit  this  bed  is  reduced  to  a 
gravelly  surface-wash,  but  in  one  spot  an  isolated  plug  of  chalky 
boulder-clay  several  yards  wide  cuts  down  for  10  or  12  ft.  into 
the  white  sands;  pebbles  of  flint  and  other  drift  material  also 
descend  Tiere  and  there  along  narrow  seams  or  joints  for  Feveral 
feet.  Patches  of  clean  sugary-white  sand  are  visible  in  most 
parts  of  the  section,  but  the  presence  of  other  patches  with  some 
ferruginous  staining  causes  a  pale  buff  tint  in  the  average  pro- 
duct. The  grades  and  quality  are  similar  to  those  of  the  pits 
last  described,  except  that  none  of  the  sand  is  washed  at  present. 

Short  description  of  sand  under  microscope — 

4046.  Pale  buff  quartz-sand,  the  quartz  grains  being  slightly  discoloured  with  a 
pellicle  of  iron-oxide.  There  is  a  small  proportion  of  clay-matter.  The  grains  range 
from  0"1  to  0*25  mm. 

4048.  '  Selected  white.'  Almost  pure  white,  fine,  evenly  graded,  quartz-sand. 
There  is  a  fair  amount  of  felspathic  material,  and  chert  grains  are  not  uncommon.  The 
grains  are  sub-angular  in  form  and  range  from  0'  1  to  0*  2  mm. 

Reserves:  Adequate. 

Products :  The  sand  is  sold  partly  for  glassmaking  and  partly 
for  furnace-hearths  and  other  refractory  purposes. 

Transport :  The  sand  is  conveyed  by  a  short  tramway  to  the 
railway  trucks  in  a  siding  from  the  Midland  and  Great  Northern 
Joint  Railway,  1  mile  N.E.  of  Gayton  Road  Station. 

BEDFOEDSHIRE. 
Leighton  Buzzard  District. 

The  quarrying  of  sand  is  an  old-established  and  important 
industry  at  Leighton  Buzzard  and  in  its  neighbourhood.  The 
greater  part  of  the  material  raised  is  of  rough  quality,  sold  for 
building  sand  and  general  purposes,  but  there  is  also  a  large 
production  of  high-grade  quartz-sand  or  'silver  sand,'  used  as 
a  refractory  sand  for  steel-furnaces  and  for  the  manufacture  of 
glass,  as  well  as  for  filter-beds  and  other  purposes  in  which  a  sand 
of  high  quality  and  standard  grade  is  required. 

These  sands  are  obtained  from  the  Lower  Greensand  formation 
which  crojDS  out  from  beneath  the  Gault  clay  at  the  southern 
outskirts  of  Leighton  Buzzard  and  extends  northward  for  several 
miles  to  the  neighbourhood  of  Great  Brickhill  and  Woburn.     The 
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sands  are  strongly  current-bedded  and  show  much  variation  in 
composition  and  colour  irom  point  to  point.  They  have 
evidently  been  accumulated  as  sand-banks  in  a  shallow  sea  at 
no  great  distance  from  a  shore-line.  For  the  most  part  they  are 
more  or  less  deeply  tinged  with  ferruginous  staining  and  are 
frequently  cemented  by  iron  so  as  to  form  lenticular  bands  and 
irregular  masses  of  hard  rock;  but  in  a  few  places  they  are  com- 
posed almost  entirely  of  quartz  grains  and  are  free  from  staining, 
or  are  stained  only  in  patches,  and  from  such  places  the  best 
'  silver-sand  '  is  obtained. 

In  the  range  of  big  pits  on  the  southern  outskirts  of  Leighton 
Buzzard,  which  are  worked  down  to  water-level  and  then  deepened 
by  floating  dredgers,  the  sand  is  all  of  the  coarse  building,  etc., 
quality;  these  pits  will  therefore  not  require  description  in  the 
present  memoir.  The  '  silver-sands  '  are  got  from  a  range  of 
pits  2  to  3  miles  farther  north,  near  the  village  of  Heath  and 
Keach  and  westward  around  Shenley  Hill  and  Miletree  Farm. 

Part  of  the  product  is  dispatched  as  raised,  but  the  higher 
grades  are  prepared  by  screening  and  washing.  Particulars 
respecting  the  pits  are  given  below. 

Mr.  Joseph  Arnold. 
32,  St.  Paul's  Road,  Camden  Town,  London,  N.W. 

Mr.  G.  Garside. 

Grove  Road,  Leighton  Buzzard. 
Mr.  Gregory  Harris. 

18,  North  Street,  Leighton  Buzzard. 

Shenley  Hill  Pits. 

Maps:  One-inch  New  Ser.  Ordnance  220;  Old  Ser.  Geological 
46  N.W. ;  six-inch  Bedfordshire  28  N.E. 

Latitude  51°  56'  10-20".     Longitude  0°  38'  20". 

Height  above  O.D.  340-360  ft. 

Geological  age:  Lower  Cretaceous  (Lower  Greensand). 

The  pits  of  this  group  form  a  practically  continuous  range  of 
excavations  stretching  for  about  ^  mile  S.AV.-N.E.  from  Shenley 
Hill,  2  miles  N.E.  of  Leighton  Buzzard  to  Miletree  Farm.  A. 
pit  has  also  been  opened  at  the  road-end  I  mile  N.  of  Miletree 
Farm,  but  is  at  present  (1916)  in  abeyance.  Practically  the  same 
beds  of  sand  are  worked  in  all  the  pits.  The  sections  show  great 
variation  in  detail  from  point  to  point  both  in  the  thickness  and 
character  of  the  beds  above  the  '  silver-sand '  and  in  the  texture 
and  colour  of  the  sand  itself  which  is  here  and  there  stained  buff, 
orange  or  rusty  red  by  iron. 

Most  of  the  present  sections  show  a  capping  of  Gault  (clay), 
this  formation  throwing  out  a  spur  over  the  rising  ground  of 
Shenley  Hill  to  the  west  of  the  pits  and  also  setting  in  over  the 
sands  on  the  lower  ground  on  the  south  and  east.     The  increasing 
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tkickness  of  this  cover,  and  of  the  Boulder  Clay  which  in  places 
overlies  it,  has  set  a  limitation  to  the  extension  of  sojne  of  the 
pits.  Beneath  the  Gault  there  are  usually  some  evenly  stratified 
impure  loamy  sands  with  silty  and  clayey  layers,  and  containing 
toward  the  top  thin  tabular  floors  of  liver-coloured  sandy  iron- 
stone, or  the  relics  of  these  hard  bands  broken  up  into  a  rough 
conglomerate.  These  mixed  beds  rest  sharply  upon  the  cross- 
bedded  'silver-sands,'  and  have  to  be  removed  as  spoil  along  with 
the  Gault,  etc. ;  they  vary  in  thickness  from  2  to  3  ft.  in  the  more- 
westerly  pits  to  nearly  10  ft.  in  one  of  the  easterly  workings.  The 
'  silver-sand  '  appears  to  be  whitest  and  most  cleanly  quartzose  in 
the  spots  where  the  tabular  ironstone  of  the  loamy  series  is  most 
continuous  and  unbroken.^ 

The  '  silver-sand  'has  an  average  thickness  of  about  15  ft.  but 
is  spoilt  in  places  bj^  ferruginous  induration  or  deep  staining. 
It  contains  occasional  fragments  of  poorly  preserved  fossil-wood^ 
usually  embedded  in  ferruginous  concretions,  but  is  otherwise 
remarkably  free  from  extraneous  matter.  It  is  for  the  most  part 
rather  coarse  in  grain;  the  majority  of  the  grains  are  more  or  less 
rounded  and  often  polished.  There  is  frequently  also  a  spinkling 
of  larger  gravelly  fragments,  chiefly  of  quartz  but  including  a 
few  of  dark  iydite,  etc.,  which  are  relatively  abundant  in  some  of 
the  more  gritty  seams  of  the  deposit.  This  coarse  material  is 
removed  by  screening,  and  at  the  same  time  the  sand  is  sifted, 
when  required,  into  coarse  and  fine  grades. 

Beneath  the  '  silver-sand  '  there  is  found  a  less  valuable  sand 
of  finer  grain  and  more  loamy  texture,  streaked  in  places  with 
silty  partings,  which  is  not  sufiiciently  pure  for  refractory  pur- 
poses. This  deposit,  known  to  the  workmen  as  '  compo,'  is  at 
present  dug  only  in  one  of  the  Shenley  Hill  pits,  where  it  is 
exposed  to  a  depth  of  20  ft. 

A  small  portion  of  the  sand  is  treated  at  the  pits  by  screening 
and  drying,  but  owing  to  the  scarcity  of  water  at  the  site,  the 
washed  grades  are  prepared  at  Leighton  Buzzard. 

Short  description  of  sand  under  microscope — 

4S44.  Shenley,  silver-aand,  unwashed.  Clean,  almost  white,  quartz-sand,  imper- 
fectly graded,  and  containing  a  large  proportion  of  grains  which  reach  1  or  2  mm.  in 
diameter.  The  bulk  of  the  sand,  however,  consists  of  quartz-grains  that  range  from 
0'2  to  0"4  mm.,  and  are  sub-rounded  to  rounded  in  form. 

3963.  Leighton  Buzzard.  Coarse,  somewhat  unevenly  graded,  pale  yeUowish-bufiE 
sand,  as  prepared  for  opsn-hearth  furnaces.  Composed  almost  entirely  of  slightly 
iron-stained  quar^z-graiui  with  a  small  proportion  of  chert.  The  grains  vary  in  size 
from  0"5  mm.  to  0'6  mm.  with  an  average  of  about  0'2.  There  is  a  small  proportion  of 
quartz  grains  that  reach  1  to  2  mm.  in  cUameter.  Generally  speaking  the  grains  show 
all  transitions  in  form  from  angular  to  rounded,  according  to  theii-  size. 

5850.  Leighton  Buzzard  (washed)  Arnold's.  Similar  to  the  above,  but  slightly 
lighter  in  colour.  It  contains  a  greater  proportion  of  large  quartz-grains,  and  i» 
therefore  less  evenly  graded  than  3963. 

Products :  The  qualities  of  sand  supplied  from  these  pits  by 
one  proprietor  or  another  include  the  following  grades: — '  TJn- 
wa.'5hed     Silver-sand';     '  Waslied     Silver-sand';     'Washed     and 

1  Details  of  some  of  the  sections  will  be  fomid  in  a  paper  by  G.  W.  Lamplugh  and 
J.  F.  Walker,  *  On  a  fossihferous  band  of  the  Lower  Greensand  near  Leighton  Buzzard.' 
Qii'irt.  Jouni.  Geo}.  See.,  vol.  lix,  1903,  pp.  234-265.  The  paper  describes  some 
interesting  patches  of  fossiUferous  limestone  that  occm:  in  association  with  the  tabular 
ironstone. 
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Sifted  Silvei-saiul,'  grade  20-40;  'Standard  Sand,'  grade  20-30; 
'Filter  Sand/  grade  20;  'Filter'  medium  grit,  grade  8-20; 
'  Screened  Gravel  giit  ' ;  aha  Lemon,  Pink,  Bird,  Horticultural, 
Sand-blast,  Building,  and  '  Compo  '  sands. 

Only  the  sharp  white  sand  or  very  slightly  stained  sand  is  used 
for  refractory  purposes  and  glassmaking,  the  coloured  and  loamy 
portions  being  sold  for  miscellaneous  purjujses  or  being  rejected 
as  waste. 

Transport :  The  sand  is  carried  by  road  to  Leigliton  Buzzard, 
whence  it  is  dispatched  l)y  London  and  North-Western  Kailway, 
or  canal. 

Heath  and  Reach  Pits. 

Maps:  One-inch  New  Ser.  Ordnance  220;  Old  Ser.  Geological 
46  N.W.;  six-inch  Bedfordshire  28  N.E.  and  28  N.W. 

Latitude  51°  55'  40"  to  51°  57'  5".  Longitude  0°  39'  0"  to 
0°  39'  10". 

Height  above  O.D.,  320-410  ft. 

Geological  age:  Lower  Cretaceous  (Lower  Greensand). 

These  pits  compose  a  range  of  workings,  of  which  three  are  at 
present  in  progress  and  others  abandoned,  in  the  slope  east  of  the 
main  road  running  northward  from  Leighton  Buzzard  to 
Woburn.  The  workings  extend  at  intervals  from  the  northern 
outskirts  of  Leighton  to  the  fork  of  roads  north  of  Reach.  The 
most  northerly  (^Stone  Lane  Pit)  and  the  most  southerly 
(Chamberlain's  Pit)  of  the  present  workings  are  operated  by 
Joseph  Arnold. 

The  pits  in  work  yield  sands  similar  to  those  at  Shenley  Hill 
already  described,  though  on  the  average  hardly  so  coarse  grained, 
and  with  a  larger  proportion  of  discoloured  ferruginous  sand. 
Some  of  the  pits  show  in  parts  a  thin  capping  of  gravelly  or  clayey 
drift  at  the  top,  but  the  Gault  clay,  which  comes  on  above  the 
sands  to  the  eastward,  is  not  touched  by  the  present  workings, 
though  it  appears  to  have  been  reached  in  the  more  easterly  pits 
now  disused. 

Short  description  of  sand  under  microscope.  —  4846.  Chamberlain's  Pit.  Un- 
washed. Somewhat  coarse  quartz-sand  of  moderately  even  grade.  This  sand  ia 
similar  in  many  respects  to  3963.  It  has,  however,  a  smaller  proportion  of  the  large 
quartz-grains  so  prevalent  in  4844. 
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Stone,  near  Aylesbury. 

A  small  outlier  of  Lower  Greensand,  capping  the  rising  ground 
south  of  the  Thame  valley  at  the  village  of  Stone,  about  3  miles 
south-west  of  Aylesbury,  includes  some  beds  of  quartz-sand  of 
exceptional  purity.  In  its  general  features  and  mode  of  occur- 
rence this  sand  resembles  the  '  silver-sands  '  of  the  Leighton 
Buzzard  district,  but  is  mostly  of  much  finer  grain.  It  has  been 
worked  in  several  pits  north  and  west  of  the  village,  but  the  only 
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one  at  present  (1916')  in  continuous  operation  is  that  of  tlie  Ayles- 
bury Sand  Company,  described  below.  In  1902  the  writer  saw 
three  other  good  sections,  one  in  the  '  Windmill  Pit '  west  of  the 
village,  which  is  still  partly  exposed,  and  two  in  pits  north  of  the 
village,  now  abandoned.  The  main  features  of  these  sections 
were  similar  to  those  of  the  pit  described  below,  but  the  line  of 
separation  between  the  top  loamy  and  clayey  series  and  the  under- 
lying white  sands  was  more  sharply  marked  in  some  places  and 
showed  irregular  local  erosion  of  the  white  sands.  The  sequence 
is  very  like  that  seen  in  pits  east  of  Shenley  Hill  near  Leighton 
Buzzard,  and  the  beds  of  the  two  places  were  probably  deposited 
contemporaneously. 

The  Atlesbury  Sand  Co. 

Stone,  near  Aylesbury. 

Quarry :  The  sand-pit  is  about  ^  mile  N.W.  of  Stone  Churchy 
on  S.W.  side  of  the  by-road  past  the  water-tower. 

Maps:  One-inch  New  Ser.  Ordnance  237;  Old  Ser.  Geological 
46  S.\r.;  six-inch  Bucks.  28  S.W.  and  33  N.W. 

Latitude  51°  48'  20".     Longitude  0°  52'  8". 

Height  above  O.D.,  350  ft. 

Geological  age:  Lower  Cretaceous  (Lower  Greensand). 

The  pit  is  at  the  top  of  the  slope  falling  northward  to  the 
River  Thame  and  is  cut  down  to  the  level  at  which  the  sand  is 
waterlogged.  The  section  exposed  in 'the  pit  shows  an  irregular 
capping  of  iuterbedded  yellow  loamy  sand  and  clay,  usually  from 
5  to  7  ft.  thick;  this  has  been  used  for  brick-making,  but  is  at 
present  thrown  to  the  spoil-heap,  along  with  the  next  2  or  3  ft. 
below,  which  consists  of  stained  loamy  sand.  Beneath  this 
covering  occurs  the  '  white  sand,'  occupying  the  lower  6  to  10  ft. 
of  the  working  face,  which  at  its  best  is  nearly  all  of  quartz, 
running  to  995  per  cent,  of  silica.  The  sand,  while  occasionally 
including  coarse  gritty  streaks  or  lenticles  of  small  extent,  is  as 
a  whole  of  much  finer  grain  than  the  corresponding  '  silver-sands  ' 
of  the  Leighton  Buzzard  district  (see  p.  180)  and  is  even  finer 
than  the  Lynn  sands  (p.  178).  The  deposit  shows  current- 
bedding  and  lenticular  structure,  with  variation  in  the  composi- 
tion of  the  lenlicles;  some  patches  are  white,  sugar-like  sand  of 
fine  even  grain  and  exceptional  purity ;  others  show  a  slight  coaly 
staining,  apparently  from  the  admixture  of  vegetable  fragments, 
or  are  tinged  with  ferruginous  matter;  and  there  are  also  a  few 
loamy  streaks. 

Short  description  of  sand  under  microscope. — 3924.  Aylesbury.  Clean,  white, 
quartz-sand.  The  sample  contains  a  number  of  fragments  of  dark-coloured  shale. 
The  quartz-grains  are  angular  to  sub-rounded,  more  or  less  according  to  size,  and  range 
from  0"05  to  0"3  mm.  the  majority  being  about  0'15.  Quartz  appears  to  be  the  only 
constituent  worth  mentioning,  but  many  of  the  grains  are  turbid  with  impurities. 

Reserves :  Adequate. 

Products :  Selected  sand  can  be  dispatched  without  treatment, 
but  a  large  proportion  of  the  product  is  screened  and  washed 
before  leaving  the  pit.  The  grades  marketed  are: — 'Best 
White,'   'Second    White,'    and  'Building  Sand,'    the  first  two 
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being  used  for  the  manufacture  of  glass,  and  in  the  steel  industry 
for  refractory  hearth-sands,  moulding  mixtures,  etc. ;  and  the 
last,  consisting  of  the  stained  and  less  pure  material,  for  building 
and  general  purposes.  The  output  varies  according  to  the  demand 
and  the  labour  available. 

Transport :  The  sand  is  conveyed  3^  miles  by  road  to  Ayles- 
bury, where  it  is  sent  mostly  by  rail  (Great  Central,  London  and 
North- Western,  or  Great  Western  Lines)  but  occasionally  by 
canal. 

YORKSHIRE. 

The  High  Silica  Sands  Co. 

Commercial  Street,  Norton,  Malton. 

Huttons  Ambo. 

Quarry :  Situated  on  the  right  slope  of  the  Derweut  Valley,  on 
the  west  side  of  Hutton  Banks  Wood;  about  1^  mile  by  road  to 
Hutton  Station. 

Maps :  One-inch  New  Ser.  Ordnance  and  Geological  (Drift 
Ed.)  03;  Old  Ser.  Geological  (Solid  Ed.)  93  N.E.;  six-inch 
Yorks.  123  S.E. 

Latitude  54°  5'  52".     Longitude  0°  51'  40". 

Height  above  O.U.  just  under  100  ft. 

Geological  age :  Lower  Oolite,  Upper  Estuarine  Series. 

The  present  working  is  about  100  yards  to  north  of  an  extensive 
pit  now  disused,  which  was  worked  a  few  years  ago  mainly  for 
glass-sand.  The  new  pit  is  cut  into  the  side  of  the  hill  to  a 
depih  of  12  to  15  ft.,  but  the  thickness  of  the  sand  before  water 
is  reached  is  stated  to  be  35  ft.  The  open  section  shows,  at  the 
top,  4  to  G  ft.  of  pale  buft'  or  white  sand  in  lenticles,  with  thin 
streaks  of  grey  loamy  clay,  overlying  8-10  ft.  of  greyish-white 
rather  fine-grained  sand  streaked  with  dark  grey  and  buff  bands. 
This  sand  hardens  to  a  soft  sandrock  at  the  worked  surface.  It 
shows  the  variable  lenticular  bedding  characteristic  of  the  sand- 
beds  in  the  Estuarine  Series.  A  sump  2  or  3  ft.  below  the  floor 
of  the  pit  had  reached  a  bed  of  slightly  coarser  white  sand  with 
adhesive  properties  which  are  believed  to  render  it  peculiarly 
serviceable  as  a  refractory  moulding-  or  hearth-sand. 

Short  descripUon  of  sand  under  microscope.  —  3927.  Slightly  yellow-stained 
Bomewhat  loamy  sand.  Fine-grained.  It  consists  mainly  of  sub-angular  quartz- 
grains  of  about  0*2  mm.  with  a  moderate  proportion  of  smaller  ancular  grains  of  the 
same  mineral  with  some  chert  and  felspar.  The  grains  are  slightly  iron-stained  and 
clay  matter  in  small  amount  is  disBominatcd  throughout.  Heavy  minerals  are 
moderately  abundant. 

Reserves :  Adequate. 

Products :  The  material  is  used  particularly  for  steel-moulding 
and  is  supplied  to  several  firms  in  Sheffield  and  other  places  for 
this  purpose. 

Transport :  Formerly  by  road  to  Hutton  Station,  IJ  mile,  but 
a  railway  siding  has  been  recently  laid  to  the  quarry,  which  is 
but  \  mile  from  the  nearest  poin?  of  the  North-Eastern  Railway 
(Scarborough  and  York  Branch). 
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South  Cave. 

Quarry :  On  tlie  north  side  of  the  Hull  and  Barnsley  Railway 
at  South  Cave  Station,  east  of  the  highroad  bridge. 

Maps :  One-inch  New  Ser.  Ordnance  and  Geological  (Drift 
Ed.)  72;  Old  Ser.  Geological  (Solid  Ed.)  94  S.W. ;  six-inch 
Yorks.  224. 

Latitude' 53°  47'  10".     Longitude  0°  35'  53". 

Height  above  O.D.,  130  ft. 

Geological  age :  Middle  Oolite,  Kellaways  Rock. 

The  w^orking  face  of  the  pit  is  about  60  yards  long  and  from 

25  to  30  ft.  high.     The  section  in  the  deepest  part  is  as  follows  :  — 

Ft. 
Red  sandy  soil,  with  flints       ...         ...         ...  1 

/Rusty red  fossiliferous  sandstone;    (rri/jihaea 
particularly  abundant  in  a  nodular  band 
near  base         ...         ...         ...         ...         ...  8 

Alternations  of  yellow  sand  and  rusty  n-^du- 
Kellaways       J      lar  bands  with  fossils  passing  down  iiito  2 

Rock.  (  Palo  fine-grained  greyish  sand  or  sandrock 
with  bands  and  isolated  patches  stained 
buff  to  rusty  yellow  and  including  hollow 
casts  of  fossils  ;  also  occasional  hard  fossili- 
ferous '  doggers,'  or  concretions  up  to 
V     2-3  ft.  diameter  (where  thickest) 18 

In  the  floor  of  the  pit  and  at  the  entrance. 

!  Indurated  ferruginous  loamy  layer.     Pinkish 

1      and   yeUow-grey   laminated   loamy   sand- 

Estuarine       <      rock  with  carbonaceous  streaks  and  layers 

Series.  1  Len tides  of  fine-grained  powdery  white  sand 

(      (not  worked) ;  about  3  ft.  seen       3 

The  beds  dip  eastward  at  3°.  The  harder  upper  part  of  the 
Kellaways  Rock  is  well  exposed  in  the  adjacent  railway-cutting, 
where  it  is  seen  to  pass  under  the  Oxford  Clay. 

Short  description  of  sand  under  microscope. — 4112.  Fine-grained,  slightly  iron- 
Btained,  sand-rock  that  breaks  down  between  the  fingers  to  a  moderately  sharp 
sand.  Composed  almost  entirely  of  sub-angular  quartz  grains,  with  a  small  proportion 
of  potash  felspar  (microcline),  and  compound  sihceous  grains.  Heavy  minerals,  such 
as  zircon  and  rutile,  are  conspicuous.  The  grains  average  about  O'l  mm.  in  greatest 
dimension. 

Reserves :  Abundant. 

Products :  Moulding-sand,  in  the  preparation  of  which  some 
of  the  decalcified  rusty  yellow  material  from  the  upper  beds  ie 
mixed  with  the  pale  sand  of  the  lower  part. 

Transport :  There  is  a  siding  into  the  j)it  and  the  sand  is  loaded 
directly  into  the  railway  trucks. 

BURYTHORPE. 

(Formerly  worked  by  the  Burythorpe  Sand  Co.) 
Not  working  July,  1916. 

Quarry :  Situated  at  the  western  side  of  Kennythorpe  Moor, 
1  mile  W.N.W.  of  Burythorpe  village. 

Maps :  One-inch  New  Ser.  Ordnance  and  Geological*  (Drift 
Ed.)  63;  Old  Ser.  Geological  (Solid  Ed.)  93  N.E. ;  six-inch  Yorks. 
142  N.W. 
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Latitude  54°  4'  42".     Longitude  W.  0°  48'  43". 
Height  above  O.D.,  175  ft. 

Geological  age :  Lower  Oolite,  Upper  Estuarine  Series. 
The  pit  is  cut  back  into  rising  ground,  the  sand  being  water- 
logged below  the  floor. 

The  working  face  (1916)  at  the  south-eastern  end  of  the  excava- 
tion, about  70  yards  from  the  extrance  to  pit,  is  35  yards  wide 
and  12  to  14  ft.  high.  The  section  shows  3  to  4  ft.  of  buff  or 
stained  grey  sand  at  top,  traversed  by  roots  of  present  vegetation, 
and  in  one  part  of  the  pit  streaked  with  \  to  1  in.  seams  of 
carbonaceous  loam  and  clay ;  and  8  to  10  ft.  of  massive  pale  grey, 
fine-grained  sand  below,  containing  in  the  upper  part  a  few 
decomposed  '  box-stone  '  nodules  and  in  the  lower  part  a  few  hard, 
sandy  concretions  up  to  5  ft.  in  diameter.  A  strong  spring  of 
feiTUginous  water  issues  at  the  bottom  of  the  working-face. 

Short  description  of  sand  under  microscope — 4044.  Similar  sand-rock  to  the 
above  (South  Cave).  Slightly  less  irou-staincd,  but  of  similar  texture  and  composition. 
It  is,  however,  distinctly  micaceous. 

Reserves :  Abundant. 

Products:  Was  worked  as  a  glass-sand. 

Transport :  The  sand  was  conveyed  from  the  pit  by  a  tramway 
of  about  \  mile  to  the  nearest  high  road,  and  was  carted  thence 
to  the  railway,  Malton  Station,  4  miles;  and  Kirkham  Station, 
3  miles. 

SOUTH   WALES. 

Silica-sands  for  furnace-hearths  and  other  purposes  are  obtained 
in  South  Wales  by  crushing  and  screening  the  quartzite  from  the 
base  of  the  Millstone  Grit  and  by  digging  the  sandy  detritus  pro- 
duced in  some  districts  by  the  disintegration  of  these  beds  or  those 
of  the  Old  Red  Sandstone. 

In  addition  to  the  quarries  mentioned  below,  the  following  firms 
produce  silica-sand  from  similar  material :  Messrs.  Stephens, 
Kidwelly,  p.  129;  The  Brynamman  Silica  Co.,  p.  131;  the  Black 
Mountain  Silica  Co.,  Ltd.,  p.  132;  the  Penwvllt  Dinas  Silica 
Brick  Co.,  p.  125;  Messrs.  Baldwins,  p.  127;  A.  Y.  Dinas  Co., 
p.  128;  Guest,  Keen  and  Nettlefolds,  p.  137;  Lime  Firms,  p.  134. 


Abercriban  Quarries  Co. 

rontsticill,  near  Merthyr  Tydfil. 

Abercriban  Qxuirrii  and  Saud-pil. 

Quarries :  Abercriban  Quarry  is  lieside  the  Brecon  and  Merthyr 
Ivailway,  about  },-  mile  north  ot  Pontsticill  Junction  Station,  and 
3  miles  north  of  Dowlais.  The  sand-pit  lies  h  mile  north-east 
of  the  quarry. 

Maps:  One-inch  New  Sor.  Ordnance  and  (Jeological  231;  six- 
inch  Brecknockshire  46  N.W. 

Quarry:  Latitude  51^  48'  15".     Longitude  S°  21'  30". 

N 
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Geological  age:  Old  Red  Sandstone. 

The  rock  quarried  is  the  Grey  Grit  of  the  Old  Red  Sandstone. 
At  Abercriban  this  division  is  120  ft.  thick,  the  quarry  being 
in  the  bottom  70  ft.  The  stone  is  grey  quartzitic  grit,  fairly 
uniform  in  texture  and  easily  dressed  into  blocks.  It  is  being 
quarried  for  use  in  building  the  barrage-wall  of  a  new  reservoir. 
Near  the  top  of  the  quarry  there  is  a  thin  seam  of  more  shaly 
material,  which  is  used  as  ganister  shale. 

The  sand  occurs  in  the  form  of  detritus,  with  large  and  small 
blocks  of  grey  sandstone,  and  covers  a  wide  area,  l)ut  only  the 
beds  near  a  stream  will  be  dug.  The  sand  higher  up  the  slope 
is  covered  with  a  greater  thickness  of  '  topping  '  up  to  3  ft.,  which 
is  too  expensive  to  remove.  There  is  at  least  10  ft.  of  sand  over- 
lying solid  rock  where  it  is  being  dug.  The  sand  is  placed  on 
trams  running  on  a  '  balance-incline.'  It  is  passed  into  the  i)an 
of  the  edge-runners  and  screened. 

Reserves :  Of  both  sand  and  stone  are  abundant;  about  9  square 
miles  of  stone  and  many  acres  of  snnd.  The  output  of  sand  has 
varied  according  to  demand,  but  during  recent  years  has  averaged 
10,000  tons  per  annum. 

Products :  Silica-cement  made  of  ground  silica-rock  mixed  with 
porcellaneous  clay.  Silver  sand  supplied  for  steel  furnace  hearths. 
Puddle  and  ground  ganister  also  are  sold  to  local  steel  works. 

Transport :  Siding  at  Pontsticill,  on  the  Brecon  and  Merthyr 
Railway. 


Clydach  &  Abergavenny  Lime  &  Stone  Co.,  Ltd. 
Clydach,  near  Abergavenny. 

Llanelly  Quarry. 

Quarry:  A  large  quarry  situated  beside  the  L.  &  N.W.  Rail- 
way, west  of  the  tunnel  at  Clydach  Station. 

Maps :  One-inch  New  Ser.  Ordnance  and  Geological  232 ;  six- 
inch  Brecknockshire  47  N.E. 

Latitude  51°  48'  15".     Longitude  3°  7'  25". 
Geological  age :   Millstone   Grit. 

The  material  is  a  hard,  greyish-white  siliceous  sandstone  with 
pebbly  bands.  It  overlies  the  Carboniferous  Limestone  at  the 
eastern  end  of  a  limestone  quarry,  and  is  presumably  the  base- 
ment bed  of  the  Millstone  Grit.     The  bed  dips  S.E.  at  a  low  angle. 

Reserves :  The  rock  crops  out  to  the  west,  and  is  bounded  by  a 
fault  to  the  east.  The  reserves  lie  to  the  south,  and  should  be 
large. 

Products:  The  rock  is  liot  yet  worked;  but  it  is  proposed  to 
quarry  it  and  grind  it  as  '  ground  silica  '  for  use  as  a  hearth- 
sand  in  Siemens  furnaces. 
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Carmarthenshire  Silica  Co.,  Ltd. 

Llandybie. 
PistylL  Quarries,  'New'  and  'Old.' 

Quarries:  Situated  f-mile  N.X.E.  of  Llandybie,  between  Am- 
manford and  Llandilo. 

Maps:  One-inch  New  Ser.  Ordnance  and  Geological  230;  six- 
inch  Carmarthen  41  S.E. 
Latitude  51°  49'  47".     Longitude  3°  59'  40". 
Geological  age :  The  lowest  beds  of  the  Basal  Grit  of  the  Mill- 
stone Grit. 

In  the  new  quairy  the  following  section  is  exposed:  — 

Ft. 

QuABTZiTE,  white  (working),  about      25 

Black  shale  _li 

QuAETZiTE,  white  (working)       50 

Black  shale  \ 

Qtjaktzite  (working)       5 

111  the  old  quarry  the  following  beds  are  seen :  — 

Ft. 
QuAETZiTE,  white  (the  50  ft.  bed  in  the  new  quarry)  working         50 
Black  shale  ...  ...  ...  ••.  •■•  •••         •••  ^4 

QuARTZiTE,  thin-bedded,  with  seams  of  black  shale  (working), 

18  ft.  to 20 

The  beds  dip  S.  10°  E.  at  30°. 

The  quarried  materials  are  sent  down  in  tubs  on  rails  by  an 
incline,  about  350  yards  long,  to  a  crusher. 

Reserves :  Ample  in  direction  of  dip  and  of  strike ;  northward 
the  Carboniferous  Limestone  rises  from  beneath  the  Basal  Grit. 

Products:  The  quartzite  is  crushed,  screened  or  ground,  and 
sent  out  as  '  rough  silica-sand  '  (1  in.  to  dust),  'fine  silica-sand,' 
and  road-stone.  The  black  sliale  is  allowed  to  weather,  and  is 
ultimately  sold  to  a  maker  of  glazed  bricks. 

Market :  The  '  silica-sands '  are  sold  to  copper-works  and  steel- 
works in  the  Llanelly  and  Swansea  districts. 

Transport :  The  products  of  the  quarry  are  put  on  rail  at  a 
])rivate  siding  connected  with  the  Great  Western  Railway  between 
Derwvdd  Road  and  Llandybie  Stations. 


NORTH   WALES. 
Waen  Silica  Sand  Co.,  Ltd. 

Gwernaffield.  Mold. 

Mine:  Drift  at  Waen,  220  yards  N.  of  Holy  Trinity  Church, 
nearly  2  miles  west  of  Mold. 

Maps:  One-inch  New  Sor.  Ordnance  108,  Old  Ser.  Geological 
79  S.E.;  six-inch  Flint  13  N.W. 

Latitude  53°  10'  20".     Longitude  3°  11'  12". 

Geoloqical  aqe :  Carboniferous  Limestone  Series. 
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Tlie  rock  mined  is  a  sandstone  occurring  in  the  top  of  the  Car- 
boniferous Limestone  Series,  it  outcrops  west  of  Waen  between 
the  Pant-y-mwyn  Vein  on  the  !N'orth  and  the  Bwlch-y-ddauffryn 
Vein  on  the  South. 

Section  at  the  mine  :  — 


Grey  Limestone     ... 

Thin  Clay  band 
i  Pebbly  white  sandstone   ... 

Sandstone       •.  Clay  with  fossils 

(  White  sandstone  with  fossils 

Limestone  (floor). 


6  ft. 

6  to  8  ins. 

14  to  15  ft. 


The  sandstone  above  the  clay  is  white,  fairly  even-grained  but 
contains  quartz  pebbles  up  to  ^  in.  diameter.  The  sandstone 
below  the  clay  is  the  portion  worked ;  this  is  a  rather  soft  white 
rock,  stained  here  and  there  with  iron  oxide;  the  grain  is  fine  and 
fairly  even.  Prof.  Boswell  gives  the  silica  content  as  98-97  per 
cent.^ 

Reserves:  Large. 

Products  :  The  rock  is  crushed  at  the  mine  sufficiently  to  separate 
the  grains  and  is  supplied  in  this  condition  to  purchasers  who  mill 
it  to  a  flour.  The  final  grinding  may  in  future  be  done  at  the 
mine.  The  sand  would  be  suitable  for  glass  or  for  use  as  a 
refractory  sand. 

The  Fireclay  Products  Co. 

24,  Chapel  Street,  Liverpool. 

Bryn-gwyn  Quarry. 

Works :  Dury  Works,  Buckley,  Flintshire. 

Quarry :  Situated  about  ^  mile  south  of  the  Ruthin  road,  near 
the  Loggerheads,  south-west  of  Gwernymynydd. 

Maps :  One-inch  New  Ser.  Ordnance  108,  Old  Ser.  Geological 
79  S.E. ;  six-inch  Flint  13  S.E. 

Geological  age :  '  Millstone  Grit '  [Cefn-y-fedw  Sandstone]. 

The  rock  is  in  the  lower  part  of  the  Cefn-y-fedw  Sandstone ; 
about  30  ft.  is  exposed,  of  which  the  top  5  to  6  ft.  is  pebbly.  The 
remainder  is  soft,  white  sandstone,  well  jointed  and  with  the 
characters  usually  found  on  this  horizon  in  the  neighbourhood. 

Reserves:  Good. 

Transport :  The  stone  is  conveyed  by  incline  to  the  road  near 
the  Rainbow  Inn,  where  it  is  put  on  motor  waggons  for  Mold. 

Silica  &  Chert  Quarry,  Rhosesmor. 

Situation :  The  quarry  is  situated  on  Moel-y-Gaer,  at  the  south- 
west extremity  of  Halkin  Mountain,  about  f  mile  north  of  Rhoses- 
mor. 

Products :  Chert  and  sandstone. 


1  P.  G.  H.  Boswell.     '  British  Resom-ces  of  Sands,  etc'  1918,  p.  84. 
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GwYN  Silica  Quarries. 

Situation:  2  miles  west  of  Conway  on  the  Tiefiiw  Road. 

Products:   Quaitzite. 

The  stone  from  all  the  quarries  is  taken  to  the  company's  works 
at  Buckley  where  it  is  milled  and  treated  for  use  in  tlie  glass, 
metal  polish  and  scouring-  soa]>  industries. 

J.  Stoddard  &  Sons. 

Llanarmon,  near  Mold. 

Pen-y-foel  Quarry. 

Situation :  The  quarry  is  situated  north  of  the  Llanarmon  road, 
•300  yards  N.N.E.  of  the  Rose  and  Crown  at  Graianrhyd. 

Maj}s :  One-inch  New  Ser.  Ordnance  108,  Old  Ser.  Geological 
79  S.E. ;  six-inch  Flint  16  S.E. 

Geological  age:  'Millstone  Grit'  [Cefn-y-fedw  Sandstone]. 

Twenty  feet  of  sandy  clay,  sand  and  shale  overlies  60  ft.  of 
wiite,  current-bedded  sandstone  and  sand,  the  hard  and  soft 
layers  alternate.     The  stone  is  crushed  to  sand  at  the  quarry. 

Reserves :  Good. 

Products :  Silica  sand  sent  chiefly  to  the  Potteries.  Some  is 
supplied  for  refractory  purposes  and  for  scouring  soap. 

Transport :  By  road  to  Mold. 

Pilkington's  Tile  and  Pottery  Co.,  Ltd. 

Clifton  Junction,  Manchester. 

Pant-du    Quarry. 

Situation :  About  3j  miles  south-west  of  Mold,  300  yards  north- 
west of  the  cross  roads  at  Pant-du. 

Maps :  One-inch  New  Ser.  Ordnance  108,  Old  Ser.  Geological 
79  S.E.;  six-inch  Plint  16  N.E. 

Geological  age:  'Millstone  Grit'  [Cefn-y-fedw  Sandstone]. 

This  is  a  small  quarry  yielding  white  sandstone  like  that  at  the 
Bryngwyn  and  the  Cambrian  quarries. 

Mr.  W.  O.  Thomas. 

Oakliurst,  Derby  Place,  Edge  Lane,  Liverpool. 

Bryn  glds  Silica  Quarry. 

Quarry:  On  the  Hendy  Road,  near  Mold. 

Maps:  One-inch  Mew  Ser.  Ordnance  108,  Olil  Ser.  Geological 
79  S.E. ;  six-inch  Flint  13  N.E. 

Geological  age :  '  Millstone  Grit '   [Cefn-y-fedw  Sandstone]. 

About  10  ft.  of  lower  part  of  the  Cefn-y-fedw  Sandstone  is 
ex]X)sed.  The  stone  is  moderately  hard,  slightly  stained  on  the 
surface  in  parts  and  in  places  is  slightly  felspathic.  It  is  to  be 
used  for  silica  flour  and  other  purposes. 
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SCOTLAND. 
Sandstones  Ground  for  Furnace  Hearth  Sands. 

ARGYLLSHIRE. 

Campbeltown  Coal  Co.,  Ltd. 

Campbeltown. 

Caiwpheltown  Sandstone. 

Pit :  Argyll  Colliery,  Machrikanisli. 

Maps:  One-inch  New  Ser.  Ordnance  and  Geological  12;  six- 
inch  Argyll  257  S.W.  (Geological  Sheet  not  yet  published,  but 
may  be  consulted  at  the  Survey  Office). 

Latitude  55°  25'  35".     Longitude  5°  43'  1". 
Geological   age :    Carboniferous   Limestone    Series,    Limestone 
Coal  Group. 

The  section  is  as  follows  :  — 


Sandstone 

Shale  (inferior)  about 

Sandstone  (worked) 

Shaly  Blaea 

Main  Coal,  with  partings 


ft. 

6 

63 

2-3 

U 


The  depth  of  the  shaft  to  the  Main  Coal  is  40  fms.  The  sand- 
stone is  approximately  63  ft.  in  thickness;  it  is  a  soft,  friable, 
readily  disintegrating  rock  of  medium  grain,  fairly  uniform 
texture  and  white  in  colour.  Posts  of  3  to  6  ft.  occur,  but  except 
in  the  faky  portions  the  bedding  is  not  marked.  The  following 
variations  occur  in  different  parts  of  the  total  thickness  of  sand- 
stone (1)  very  lenticular  faky  bands  with  current-bedding;  (2) 
irregular  ribs  and  seams  of  hard  coaly  fake,  from  a  few  inches 
to  2  ft.  thick;  (3)  lenticular  balls  or  masses  of  very  hard  '  kingle  ' ; 
(4)  black  carbonaceous  films.  There  are  also  so-called  '  whin- 
dykes  '  composed  of  crystalline  quartz. 

Short  description  of  sand  under  microscope.  —  5134.  White  sand-rock  that 
breaks  down  easily  into  a  white  quartz-sand.  The  grain  is  sub-angular  to  angular  and 
very  variable  as  to  dimension  (005  to  0'5  mm.).  Only  a  small  amount  of  felspar  ia 
present,  but  compound  siliceous  grains  are  fairly  common. 

Another  sample. — 4660.  Similar  to  the  above,  but  more  evenly  graded  and 
generally  coarser  in  texture.  The  grains  range  from  0'2  to  0  8  mm.  the  greatest 
proportion  being  about  0  5  mm. 

Reserves :  Probably   very  large. 

Treatment :  The  sandstone  is  worked  by  stoop-and-room ;  the 
workings  follow  those  of  the  Main  Coal.  In  places  large  galleries 
have  been  opened  in  the  rock,  and  the  full  thickness  of  the  sand- 
stone worked.  It  is  first  holed;  blasting  charges  are  then  inserted 
some  way  up  the  working  face.  The  rock  is  crushed  at  the  pit, 
but  is  not  washed. 

Products :  The  Campbeltown  sand  is  at  the  present  time  (1916) 
used  as  a  substitute  for  Belgian  sand  for  lining  Siemens-Martin 
steel  furnaces;  also  for  steel  and  iron  castings,  and  for  glass- 
makins'. 
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Mdikets:  The  sand  is  sliipped  to  Glasgow,  places  on  the 
Ayrshire  sea-board.  Workinoton,  Cumberland,  etc.;  a  certain 
amount  has  also  been  exported  to  Calcutta. 

fninsport:  By  light  railway  to  Campbeltown  pier. 

RENFREWSHIRE. 

The  Caldwell  Sand  Quarry  Co. 

96,  Renfield  Street,  Glasgow. 

Caldwell  Quarry. 

Quarry :  Situated  at  the  head  of  Loch  Libo,  |  mile  from  Uplaw- 
muir  Station. 

Mays:  One-incli  New  Ser.  Ordnance  and  Geological  22;  six- 
inch  Kenfrew  15  N.E.  (The  geological  six-inch  map  has  not  yet 
been  published,  but  can  be  consulted  at  the  Survey  Office,  Edin- 
burgh). 

Latitude  55°  46'  12".     Longitude  4°  29'  25". 

Geological  age :  Carboniferous  Limestone  Series,  Limestone 
Coal  Group. 

The  rock  is  a  soft,  somewhat  incoherent,  medium  to  fine- 
grained white  or  yellow  sandstone,  with  pebbly  bands  containing 
])ebbles  of  wliite  quartz  up  to  f  in.  in  length.  The  quarry  face 
shows  40  to  50  ft.  of  sandstone  of  fairly  uniform  character;  the 
floor,  of  coarse  pebbly  rock,  has  been  bored  to  a  depth  of  30  ft. 

Reserves :  The  quarry  was  opened  in  1915,  and  the  reserve  in 
sight,  if  the  rock  continues  of  equal  quality,  is  considerable. 

Products:  The  sandstone  is  ground  and  washed  at  tlie  quarry 
and  the  sand  is  supplied  for  furnace-hearths,  for  which  purpose 
it  has  a  high  re})utation.  It  is  also  used  as  a  moulding-sand. 
Tlie  ()ut})ut  is  about  1,000  tons  per  month. 

Markets :  The  steel  works  of  Lanarkshire. 

Transport :  The  s:ind  is  carted  to  Uplawmuir  Station,  on  the 
Cab'donian  llailway. 

Central  Vai,ley  of  Scotland. 

LANARKSHIRE. 

The  Steel  Company  of  Scotland. 

Blochaim,  Glasgow. 

Jih)cli(iirn    Quarry. 

Quarry:  Situated  close  to  the  Steel  Works. 

Maps:  One-inch  New  Ser.  Ordnance  and  Geological  31;  six- 
incli  Lanark  6  N.E.  (revised  edition  of  geological  map  pub- 
lished). 

Latitude  55°  52'  20".     Longitude  4°  12'  50'. 

Geological  age:  In  the  upj>er  part  of  the  Millstone  Grit. 
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The  section  exposed  in  the  quarry  is  as  follows  :  — 

Ft. 
(a)  Hard  white  siliceous  sandstone  ...         ...         ...         ...         20 

(A)  Soft  white  sandstone         30 

Dark  blaes  with  thin  coal  and  fireclay — 

The  upper  bed  {a)  differs  markedly  in  character  from  the  rock 
(6)  below;  it  is  a  hard  refractory  sandstone  producing  when 
ground  a  heating-furnace  hearth-sand  of  good  quality.  The 
lower  bed  is  argillaceous,  and  supplies  an  ordinary  moulding- 
sand.  For  the  finer  class  of  castings  it  is  used  as  a  '  green  sand  ' 
without  admixture;  for  heavier  castings  it  is  mixed  with  a  little 
fireclay,  and  is  known  in  this  condition  as  a  '  dry  sand.' 

Petrological  characters :  The  difference  in  tjie  character  of 
these  two  sandstones  is  apparent  under  the  microscope.  The 
refractory  rock  (a)  is  made  up  of  quartz-grains  of  extremely 
iii'egular  shape  set  in  a  cement  of  secondary  silica  in  crystalline 
continuity  with  the  original  grains  of  quartz.  In  the  soft  sand- 
.stone  (6)  the  quartz-grains  are  Cemented  together  by  a  felt-like 
aggregate  of  minute  scales  of  a  mineral  which  appears  to  be 
largely  white  mica.^ 

Reserves :  Probably  not  large  :  the  ground  is  built  OA'er. 

Products:  Sand  for  furnace  hearths,  moulding  sand. 

This  quarry  is  now  (1916i)  closed. 

,  The  Gartvekrie  Fireclay  CoMPANi'. 
Glenboig. 
Gartvevrie   Qiiarry. 
Quarry :  Situated  ^  mile  east  of  Glenboig  Station. 

Maps :    One-inch    New    Ser.    Ordnance    31 ;    six-inch    Lanark 
7  N.E.  (revised  geological  map  published). 
Latitude  55°  53'  42".     Longitude  4°  1'  55". 
Geological  age  :  The  upper  part  of  the  Millstone  Grit. 

A  sandstone  which  lies  30  to  40  fms.  above  the  Lower  Fireclay 
of  Glenboig  is  wrought  in  the  quarry.  It  is  a  white  gritty  rock, 
with  sub-angular  and  rounded  grains  of  quartz,  and  a  good  deal 
of  white  mica,  which  is  removed  by  washing.  Ten  to  12  ft.  of 
good  quality  is  available  for  working.  The  sandstone  is  ground 
and  washed  at  the  quarry.  A  seam  of  fireclay  2-5  ft.  with  an 
average  thickness  of  3j  ft.  immediately  underlies  the  sandstone. 

Description  of  sand.— 51^5.  Gartverrie,  Lanark.  Coarse  white  unevenly  graded 
quartz-sand  containing  quartz-grains  up  to  several  mm.  in  diameter  and  pellets  of 
friable  sandstone  of  stUI  larger  dimensions.  Grains  of  all  sizes  are  represented  and  of 
varying  degrees  of  angularity.  Felspar  occur  only  in  very  small  proportion  and  the 
amount  of  clay-matter  is  insignificant. 

Reserves :  Probably  small  owing  to  faulting. 

Products :  Sand  ground  for  furnace  hearths  and  moulding  sand ; 
it  has  also  been  used  in  the  manufacture  of  white  glass  bottles. 
The  fireclay  is  ground  and  sent  to  Sheffield  for  mixing  with  sand 
for  steel-moulding  purposes. 

1  See  '  Geology  of  the  Glasgow  District'  (^Mem.  Oeol.  Surv.'),  1911,  p.  2.39. 
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Tlie  total  output  of  fireclay  and  sand  is  about  1,000  tons  per 
week. 

Markets :  Steel  works,  chiefly  in  the  Glasgow  district. 

Transport :  The  quarry  is  connected  by  a  siding  with  the  Cale- 
donian Eailway  at  Glenboig. 

EDINBURGHSHIRE. 

J.  &  T.  Thornton. 
Levenseat  Lime  \Vorks,  Faulclhouse. 
Breich  Sandstone  Quarries. 

Quarries  :  Two  quarries  are  working.  They  are  not  distinguish- 
able by  name,  and  in  these  notes  are  referred  to  respectively  as 
the  North  and  South  Quarries.  They  are  situated  at  Levenseat 
Lime  Works,  about  1^  mile  E.  20°  S.  from  Fauldhouse  Station. 

Maps :  One-inch  New  Ser.  Ordnance  and  Geological  31 ;  six- 
inch   Edinburgh  10  S.E. 

Latitude  55°  48'  57".     Longitude  3°  41'  13". 
Geological  age :  Lower  part  of  the  Millstone  Grit. 

The  following  section  shows  the  relation  of  this  sandstone  to 

certain  well-defined  horizons  :  — 

Ft. 

Bkeicii  Sandstone        30 

Fireclay  with  some  ironatone  balls        ...         ...         ...  15 

Curdiy  Ironstone  ...         ...         ...         ...         ...         ...  3 

limestone  or  ' limy  ply '             ...         ...         ...         ...  1 

Strata         Average  9-10  fm.s. 

Levenseat  or  Castlecary  Limestone 

The  one-foot  limestone  represents  the  Cement  Limestone  of 
Lanarkshire ;  the  Breich  Sandstone  therefore  occupies  a  position 
at  or  immediately  below  that  of  the  Lower  Fireclay.  The  sand- 
stone is  over  30  ft.  in  thickness  in  the  quarry,  and  reaches  bO, 
or  even  70  ft.  It  is  wrought  from  the  crop,  the  cover  of  peat 
and  boulder  clay  being  stripped  ofl:  in  advance.  On  account  of 
the  soft  incoherent  nature  ol  the  rock  it  is  blasted  and  broken  up 
with  the  pick.  At  the  South  Quarry  it  is  hauled  a  distance  of 
rather  more  than  a  quarter  of  a  mile.  At  the  North  Quarry  it 
is  screened  on  the  spot  and  filled  directly  into  railway  wagons. 
The  crushing-mill  is  situated  at  the  side  of  the  branch-line. 

At  the  present  time  (1910)  the  sand  is  not  washed^;  the  firm 
has  a  washing  plant  ready  to  set  up  as  soon  as  labour  can  be 
obtained,  and  the  washed  material  would  meet  with  a  ready  sale. 
The  crushing  ])lant  can  at  present  cope  with  a  maximum  amoxmt 
of  about  70  tons  of  sand  per  day.  The  sandstone  has  at  times 
been  sold  ung round. 

The  rock  is  very  friable,  and  on  exposure  disintegrates  readily 
into  sand.  In  colour  it  varies  from  white  to  straw-yellow,  becom- 
ing white  when  washed.  It  is  fairly  uniform  in  texture;  in  both 
quarries  the  top  2  or  3  ft.  of  rock  are  inferior  to  the  rest,  while 
in  the  South  Quariy  a  hard  rib  occurs  about  the  middle  of  the 
section. 


*■  Arrangements  have  now  been  made  to  wash  the  sand  in  tank-washers  (1917). 
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Slvort  description  of  sand  under  microscope.  —  5133.  Moderately  fine-grained 
palest- buff,  slightly  loamy  sand.  Composed  mainly  of  subangular  to  sub-rounded 
quartz  grains  of  from  0'1.5  to  0'3  mm.  in  diameter,  witfi  a  small  amount  of  finely  divided 
clay-matter. 

Reserves:  Large,    probably  800   acres. 

Fiuducts :  Jiefore  the  war  the  Breich  sand  was  chiefly  used  for 
building  jjurposes  and  pig-iron  moulds;  a  certain  amount  was 
also  supplied  to  manuiacturers  ot  bottle-glass.  A  much  greater 
demand  has  now  arisen  for  the  Breich  rock  owing  to  the  holding 
up  of  the  Belgian  sand,  and  it  is  now  used  for  the  hearths  of 
steel  furnaces.  It  also  hnds  a  market  as  a  steel-moulding  sand, 
and  is  more  extensively  used  in  the  bottle-glass  industry. 

Transport :  On  a  branch  line  from  the  Caledonian  Edinburgh- 
Glasgow  Hail  way. 

ARRAN. 

The  Carboniferous  Rocks  of  Arran  differ  greatly  from  those  of 
North  Ayrshire,  in  so  much  as  the  beds  between  the  Lower  Lime- 
stones and  the  Millstone  Grit  Lava  Series  consist  mainly  of  sand- 
stones and  shaly  sandstones  with  thin  beds  of  sandy  limestone. 
In  the  main  the  whole  sequence  is  of  a  red  colour;  most  probably 
due  to  infiltration  of  iron  from  the  over-lying  red  Triassic  Hocks. 
Some  of  the  sandstones,  however,  have  escaped  this  staining,  and 
are  white  evenly-grained  rocks,  up  to  20  or  30  ft.  in  thickness. 
Several  excellent  examjjles  were  noted  by  Mr.  AVilson,  particularly 
at  the  bathing  pool  near  Corrie  Post  Office,  and  also  at  an  old 
quarry  on  the  hillside  just  behind  the  Corrie  Hotel.  It  seems 
probable  that  some  of  the  more  easily  crushed  sandstones  would 
serve  either  for  glass-making  or  as  hearth-sand  for  furnaces.  The 
reserves  are  large,  and  harbour  facilities  are  near  at  hand. 

SUTHERLANDSHTRE. 

Dr.  Lee  has  examined  the  Corallian  rocks  of  the  Brora  district 
and  reports  that  they  contain  large  reserves  of  a  sandstone  which 
might  be  used  for  glass-making.  The  sandstone  is  white,  fine- 
grained and  siliceous,  and  though  it  hardens  with  exposure  it  is, 
when  fresh,  quite  soft  and  crushes  readily  into  free-running  white 
sand.  The  sandstone,  of  which  some  20  ft.  has  this  crushing 
quality,  has  been  quarried  at  Clyneleish  quarry,  1  mile  west  of 
Brora,  and  at  Sputie  quarry,  1\  mile  south-west  of  Brora,  on  the 
seashore. 
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CHAPTER  XIV.— DOLOMITE. 
Introductiox. 

Dolomite,  strictly  speaking,  is  the  name  given  to  the  mineral 
composed  of  magnesium  and  calcium  carbonates;  but  it  has  come 
to  be  applied  to  rocks  which  are  mainly  composed  oi  this  mineral. 

The  mineral  dolomite  in  its  j)urest  form  is  a  pearl-white  spar, 
but  included  impurities,  especially  iron  oxides,  oiten  give  it  a 
yellow  or  brownish  colour.  True  dolomite  is  a  double  salt, 
CaMg  (COg)^ ;  the  molecular  ratio  of  magnesium  to  calcium 
is:— Mg:  Ca  =  1  :  1;  its  composition  is  CaO  --  30'4,  MgO 
=  21-7,  CO3  =  45-9,  or  MgCOs  45-65  per  cent.,  CaCOs  54-35  per 
cent.  But  varieties  occur  in  which  the  ratio  is  ditterent :  on  the 
one  hand  we  have  what  may  be  termed  a  dolomite  calcite  (calcite 
molecule  in  excess)  and  on  the  other  hand  a  dolomitic  magnesite 
(magnesite  molecule  in  excess).  In  the  same  manner  chalybite, 
iron  carbonate  (FeCOg)  may  take  part  in  the  combination.  The 
specific  gravity  of  the  pure  mineral  is  2-85. 

The  rock  dolomite,  in  its  purest  form,  is  composed  wholly  of  the 
mineral  of  the  same  name,  it  is  white  or  cream  coloured,  and  often 
resembles  statuary  maible;  indeed  many  marbles  are  dolomitic. 
But  more  commonh',  in  Great  Britain,  it  has  the  aspect  of  a  buif, 
Ijrown  or  reddish  limestone,  which  may  be  compact  and  dense  or 
cavernous  and  when  weathered,  often  rather  gritty  to  the  touch. 
AVhen  carbonaceous  matter  is  present  in  the  rock  it  may  be  dark 
grey  or  even  black.  A  magnesian  limestone  is  a  calcareous  rock 
containing  more  or  less  dolomite;  many  of  the  British  dolomite 
rocks  are   magnesian  limestones. 

Dolomite  may  be  distinguished  from  limestone  by  the  applica- 
tion of  a  little  cold  dilute  hydrochloric  acid,  which  causes  the 
latter  to  effervesce  at  once  and  strongly,  but  the  former  only 
sliglitl}-,  unless  the  acid  is  warmed.  In  making  this  test  it  is 
well  to  do  it  side  by  side  with  a  good  limestone,  as  many  mag- 
nesian limestones  will  effervesce  fairly  brisklv  for  a  short  time 
owing   to  the  ])resence  of  calcite. 

Dolomite-rock  occurs  as  a  sedimentary  deposit,  or  as  altei"ed 
se(liment,  in  beds;  it  is  also  formed  as  the  result  of  changes  that 
liave  taken  place  in  certain  igneous  rock  masses  through  the 
decomposition  of  magnesia-bearing  minerals.  The  dolomite- 
rock  wrought  in  Great  Britain  for  basic  refractory  material  occurs 
in  beds.  It  is  obtained  from  strata  of  two  distinct  geological 
ages;  (1)  the  Magnesian  Limestone  formation  of  the  Permian 
System  and  (2)  the  Carboniferous  Limestone  Scries. 

The  Magnesian.  Jjimestone,  as  its  name  imj)lies,  is  rich  in  mag- 
iu'>ia,  though  mucli  of  the  rock  is  not  pure  dolomite  and  some  is 
calcareous-limestone;  some  beds  contain  so  much  detrital  quartz 
as  to  cause  the  rock  to  approach  a  sandstone  in  character.  The 
principal  outcrop  of  this  formation  extends  as  an  almost  continu- 
ous l>elt  from  Nottingham  northwards  by  Mansfield,  Worksop, 
Donraster,  Ripon  and  Coxhoe  to  the  coast,  between  South  Shields 
and  Hartlepool.  It  is  quarried  for  basic  material  at  Steetley, 
Coxho?  and  Raisby. 
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The  Carboniferous  Limestone  as  a  whole  is  not  rich  in  magnesian 
limestone ;  though  local  dolomitization  on  a  small  scale  is  widely 
spread,  masses  of  dolomitized  rock  of  workable  dimensions  are 
not  common.  The  principal  quarry  centres  for  dolomite  in  this 
formation  are :  in  Shropshire,  at  Porth}n;vaen  near  Oswestry ;  in 
Derbyshire,  at  Harboro'  Rocks  near  Brassington;  in  Brecknock- 
shire, at  Clydach  near  Abergavenny;  and  in  Yorjishire,  near 
Skipton.  Other  localities  in  South  Wales,  Monmouthshire  and 
the  Forest  of  Dean  contain  dolomite  and  are  discussed  in  the 
following  pages. 

The  dolomitization  of  the  limestone  in  these  bedded  rocks  is 
sometimes  primaiy,  that  is,  the  dolomite  was  deposited  as  such 
when  the  rock  was  first  formed.  In  many  cases,  however,  dolo- 
mitization is  secondary  or  has  resulted  from  the  replacement  of 
part  of  the  original  carbonate  of  lime  by  carbonate  of  magnesia ; 
this  process  may  have  taken  place  at  an  early  or  later  stage  in 
the  life  history  of  the  rock.  The  secondary  character  of  the  dolo- 
mitization has  important  practical  bearings,  for  it  influences  in 
a  marked  degree  the  laying  out  and  working  of  dolomite  quarries. 
When  dolomitization  has  been  imposed  upon  a  rock  originally 
calcareous  the  boundaries  of  the  dolomitic  rock  are  prone  to  be 
irregular;  thus  it  may  occur  in  isolated  patches  entirely  sur- 
rounded by  calcareous  limestone,  or  in  uneven,  beds  terminating 
more  or  less  abruptly,  or  even  in  vertical  masses  following  the 
jointing  or  faulting  of  the  original  limestone  and  cutting  across 
its  bedding. 

Burnt  dolomite,  or  '  basic  '  as  it  is  often  called  by  the  workmen, 
is  calcined  in  upright  kilns  or  cupolas  about  7  ft.  in  diameter  and 
30  ft.  high,  made  of  fire-brick.  The  cupola  is  lined  with  burnt 
dolomite,  bonded  with  anhydrous  tar,  the  mixture  being  rammed 
tightly  between  a  removable  core  and  the  brick  casing.  The 
lining  is  from  3  in.  to  1  ft.  in  thickness,  and  with  care  will  last 
3  to  5  months.  The  raw  stone  should  be  as  near  a  jDure  dolomite 
as  jDossible,  that  is,  it  should  not  be  a  magnesian  limestone  with 
much  free  calcite  and  the  content  of  silica  should  not  be  higher 
than  2  per  cent.  It  is  broken  into  pieces  about  the  size  which 
will  pass  through  a  3-in.  ring.  After  the  cupola  has  been 
thoroughly  dried  it  is  charged  with  coke  and  blown  up  and  then 
alternate  layers  of  dolomite  and  coke  are  fed  in  at  the  top  to 
within  a  foot  or  so  of  the  charging  door.  Every  two  hours  such 
material  as  has  passed  the  tuyeres  is  raked  out.  For  the  first  few 
hours  the  stone  is  imperfectly  burnt,  and  the  greater  part  has  to  be 
returned  to  the  kiln.  The  temperature  of  the  cupola  has  to  be 
regulated  carefully;  it  is  quite  possible  by  using  too  much  coke 
or  too  strong  a  blast  to  frit  the  stone  into  a  solid  mass  united  with 
tbe  lining,  when  its  withdrawal  without  stopping  the  firing  and 
causing  trouble  with  the  lining  is  most  difficult  or  impossible. 
The  best  results  are  said  (in  Shropshire)  to  be  obtained  with  a 
blast  pressure  of  1  lb.  at  the  blower  and  a  consumption  of  1,400 
to  1,500  lb.  of  coke  per  ton  of  raw  stone  [Harbord  and  Hall'  rrive 
570  to  670  lb.  of  coke]. 


^  See  F.  W.  Harbord  and  J.  W.  HalJ,  '  Metallurgy  of  Steel,'  ed.  4,  1911,  p.  60. 
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The  Cjiumtity  of  coke  required  varies  according  to  its  quality, 
10  cwt.  per  ton  of  raw  material  is  an  average  consumption.  Two 
tons  of  raw  stone  yield  one  ton  of  finished  product. 

After  Leing  burnt  or  '  shrunk  '  the  dolomite  is  a  dense,  hard, 
blackened  material  which  should  be  used  as  soon  as  possible  on 
account  of  its  tendency  to  take  up  moisture  from  the  air.  The 
lumps  from  the  kiln  are  ground  beneath  edge-runners,  until  the 
larger  fragments  are  about  the  size  of  peas.  At  this  stage,  often 
in  the  same  mill,  hot  well-boiled  tar  is  added  in  sufficient  quantity 
to  bind  the  mass  together  when  rammed  into  place.  In  this 
condition  the  mixture  is  ready  for  use  as  a  lining  for  converters 
or  for  the  beds  of  open-hearth  furnaces. 

Converters  are  commonly  lined  by  tamping  the  basic  mixture 
with  hot  rammers  between  a  plug  or  taper  and  the  shell  of  the 
vessel,  but  bricks  of  dolomite  may  be  employed  for  parts  of  the 
lining. 

Dolomite  bricks  and  shapes  are  made  by  tamping  the  tarred 
material  into  wrought-iron  moulds  or  by  employing  hydraulic 
presses.  The  bricks  may  be  fired  before  use  or  used  in  the  green 
state;  they  must  be  used  quickly,  for  after  several  days  exposure 
to  air  they  begin  to  crumble.  They  are  said  to  contract  and 
crack  at  high  temperatures. 

According  to  Havard,^  another  method  of  making  dolomite 
bricks  is  as  follows  : — "  The  calcined  rock  or  an  artificial  mixture 
of  calcined  dolomite  and  clay  is  ground  fine  with  water,  and  the 
mouldable  mass  formed  into  bricks.  After  drying  at  a  moderate 
temperature  the  bricks  are  burned  until  the  clay  and  silica  has 
combined  chemically  with  the  lime  and  magnesia." 

Comparatively  few  dolomite  bricks  are  made;  but  the  demand 
for  calcined  dolomite  is  very  considerable. 

Shrunk  dolomite  is  also  em2)loyed  for  the  beds  of  Siemens  open- 
hearth  furnaces.  The  bottom  is  usually  formed  of  two  or  three 
courses  of  silica-brick — sometimes  a  course  of  magnesian  brick  is 
laid  on  top — and  these  are  covered  with  a  few  inches  of  burnt 
dolomite  bonded  with  tar,  rammed  down  and  then  fired  hard. 
After  this,  layers  of  basic,  mixed  with  about  10  ner  cent,  of  slag 
and  jiot  more  than  1  in.  tliick,  are  s])read  on  the  floor,  each  layer 
being  tliorouglily  fritted  or  glazed  before  the  addition  of  the  next, 
until  the  reijuired  thickness  and  shape  have  been  attained.  The 
minimum  thickn(»ss  of  the  bed  varies  between  10  in.  and  2  ft. 

The  dolomitic  rock  at  present  used  as  a  basic  refractory  has  to 
conform  with  rather  exacting  conditions  as  regards  silica  content 
and  texture;  if,  however,  it  should  be  found  desirable  and  feasible 
to  usp  tlie  raw  stone  for  the  ])repa ration  of  magnesia,  in  order  that 
this  material  lather  than  dolomite  should  be  tlie  final  refractory 
product,  then  oilier  criteria  of  suitability  would  be  applied  to  the 
rock  and  (hdomite  localities  now  un worked  might  become  the 
sources  of  supply. 


1  P.  T.  Hav»rd,  '  Refractories  and  Furnaces,'  New  York,  1912,  p.  96. 
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Dr.  J.  W.  Mellor^  remarks  that  "  The  decalcification  of  dolo- 
mite has  attracted  some  attention  in  past  years  and  several  patents 
have  been  taken  for  the  operation.  There  is  no  difficulty  in 
separating  the  two  main  components  of  dolomite  by  chenaical 
processes,  but  handlino-  large  quantities  of  chemicals  would  make 
the  cost  of  decalcification  rather  high  for  competition  with  native 
magnesite  for  brick-baking,  etc.,  after  the  war.  The  non- 
chemical  methods  of  separation  based  on :  (1)  the  difference  in  the 
densities  of  the  two  constituent  minerals  when  calcined  at  a  high 
temperature ;  and  (2)  the  greater  inertnevss  of  the  magnesite,  when 
the  calcined  mass  is  exposed  to  a  humid  atmosphere  or  to  water, 
offer  some  attractions.  In  all  methods  of  treatment  the  structure 
of  the  product  is  totally  different  from  that  of  native  magnesia, 
and  this  would  introduce  additional  complications  in  subsequently 
making  '  magnesite  '  bricks  from  decalcified  dolomite." 


Dolomite  in  the  Permian  Magnesian  Limestone. 

COUNTY   DURHAM. 

The  Permian  rocks  of  Durham  are  divided  by  Prof.  Lebour- 
into :  — 

Magnesian    Limestone  ...     up  to  800ft. 

Marl  Slate ...     up  to     15  ft.   (usually  3ft.) 

Yellow  Sands  (Quicksands)  ...     up  to  104ft. 

He  considers  that  the  following  sub-division  of  the  Magnesian 
Limestones  by  the  late  R.  Howse,  while  only  tentative,  is  the  best 
available  up  to  the  present :  — 

(/)  Upper  yellow  limestone  and  J.  jj         ^  ^g^ 

(e)  botryoidal  limestone.  (     I'l'  i- \  / 

(/^)  ™,ar  limestone  and  ( ^^^^  f.  (2). 

(<■)  Shell  limestone.  I  ^  ^  ' 

{ h)  Compact  limestone  and  a  I  j^^^^^  f.  ^^^ 

(ti)  Conglomerate  at  the  base  I  r  \  > 

The  Marl  Slate  and  l^ellow  Sands  occur  locally.  The  latter  are 
seen  at  Coxhoe  Quarries,  but  at  Raisby  the  Magnesian  Limestone 
has  not  been  penetrated. 

The  Magnesian  Limestone  of  Durham  is  subject  to  marked 
variations.  Dolomite  and  purely  calcareous  limestones  are  not 
uncommonly  found  side  by  side  in  the  same  quarry  with  sharp 
dividing  lines  between  them,  either  vertical,  horizontal  or  oblique. 
It  is  quite  usual  for  a  knoll  or  reef  of  dolomite  to  be  entirely 
surrounded  by  limestone  or  vice  versa.  At  other  times  a  mass 
of  the  one  rock  may  extend  as  a  ridge  through  the  other,  with 
nearly  vertical  boundaries.  These  sharp  changes  render  it 
difficult  to  estimate  reserves. 

Stone  fit  for  '  basic  material '  must  be  not  only  a  nearly  pure 
dolomite,  but  it  must  have  a  compact  texture,  and  in  most  cases 
the  dolomites  of  Durham  are  earthy,   or  cavernous.       The  only 

1  Trans.  Ceramic  Soc,  xvii.,  Pt.  I,  1917,  p.  119. 

2  '  Geology,'  in  the  Victoria  County  History  of  Durham,  p.  2  (reprint). 
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places  where  stone  for  basic  material  is  being  worked  are  the 
Coxhoe  Quarries  and  Raisby,  situated  little  more  than  a  mile 
apart.  The  beds  worked  belong  to  the  Compact  Limestone  {b) 
of  the  above  classification. 

Raisby  Hill  Limestone  Co.,  Ltd. 
Coxhoe,  Co.  Durham. 
Raishy  Hill  Quarries. 
Quarries:    Situated    about    1^    mile    east    of    Coxhoe   Bridge 
Station. 

Maps:  One-inch  Xew  Ser.   Ordnance   and  Geological  27,    Old 
Ser.  Geological  103  N.E.;  six-inch  Durham,  35  N.E. 
Latitude  54°  42'  40".     Longitude  1°  27'  45"  to  1°  28'  20". 
Geological  age:  Permian.     Lower  Magnesian  Limestone. 

The  quarry-face  is  usually  from  160  to  180  ft.  high  and  has 
reached    nearly    200    ft.     exceptionally.       An    average    section 
shows  :  — 

Ft. 
Bearing      ...         ...         ...         ...         ...         ...         ...         •••       2-5 

Dolomite    ...         ...         ...         ...         ...         ...         ...         ...         80 

Transition  beds,  dolomite  and  limestone  alternations  ...         17 

Limestone  ...         ...         ...         ...         ...         ...         ...         ...         60 

Dolomite  floor. 

Occasionally  there  appears  at  the  top  a  mixture  of  dolomite  and 
limestone.  The  floor  is  of  dolomite  which  is  thin,  flaggy  and 
considered  to  be  not  worth  working. 

The  quarry  extends  along  the  strike  and  is  cut  in  the  northern 
slopes  of  a  small  dry  valley ;  an  east  and  west  fault  having  a  down- 
throw towards  the  south,  extends  through  the  bottom  of  the 
valley. 

The  mixed  dolomite  and  limestone  which  is  occasionally  found 
at  the  top  contains  about  77  per  cent,  of  calcium  carbonate.  It 
resembles  dolomite  and  is  not  banded  as  are  the  transition  beds 
below  the  main  dolomite.  These  transition  beds  comprise  lenti- 
cular beds  of  dolomite  and  limestone  of  about  -  to  2  in.  in  thick- 
ness. Occasionally  the  transition  beds  disappear  and  at  other 
times  increase  to  28  ft.  maximum. 

At  one  place  the  rock,  for  the  width  of  a  post,  is  worthless.  It 
contains,  however,  some  masses  of  good  limestone.  The  rock 
here  is  a  compact  ferruginous  looking  stone  containing  scattered 
crystals  of  calcite. 

The  (juarry  is  worked  in  '  posts,''  that  is  in  vertical  strips  70  ft. 
wide.  To  each  post  there  are  six  men,  who  excavate  a  bench, 
20  ft.  deep,  in  the  face,  and  work  the  bench  ilownwards  to  the 
bottom  of  the  quarry,  taking  about  a  year  to  remove  the  post.  As 
a  rule  two  or  three  adjacent  posts,  forming  a  '  ])anel,'  are  bein)? 
worked  at  tlie  same  level,  but  sometimes  the  posts  are  worked 
independently.  It  is  necessary  to  arrange  that  different  panels, 
taking  the  quarry  as  a  wliole,  are  working  at  different  levels  in 
order  to  keep  up. the  output  of  the  different  kinds  of  stone. 

'  This  is  not  the  usual  meaning  of  *  post  *  :  the  term  is  commonly  applied  to  a  bed 
of  rock. 
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The  railway  sidings  are  in  cuttings  in  the  lowest  part  of  the 
limestone,  and  are  from  25  to  100  yards  (usually  50  yards)  in 
front  of  the  quarry-face.  The  terrace  between  the  railway  and 
the  face  forms  a  filling-bench,  and  it  is  left  so  that  the  falls  of 
stone  may  not  injure  the  wagons.  If  the  filling-bench  is  not 
more  than  40  yards  wide  the  stone  is  carried  in  barrows  from  the 
face  to  the  wagons,  but  where  the  bench  is  wider  the  stone  is 
taken  across  in  small  wagons.  As  the  quarry-face  recedes  and 
the  filling  face  tends  to  widen,  it  is  cut  back,  and  the  railway 
sidings  moved  nearer  to  the  face. 

Holes  for  blasting  are  drilled  by  the  Ingersoll  drill  worked  by 
compressed  air  with  electric  compressors.  The  quarry  is  quite 
dry. 

Description  of  rocks — 

11751.  Used  for  'basic'  Buff,  fine-grained,  veined  and  cross-veined,  dolomite. 
Composed  of  minute  dolomite-granules  with  little  or  no  interstitial  calcite.  The 
material  of  the  veins  is  calcite  in  all  cases. 

11752.  Used  for  flux.  Similar  to  the  above.  In  addition  to  calcite-veins,  small 
geodes  of  calcite  are  not  uncommon. 

Reserves :  The  quarry-face  is  nearly  a  mile  long.  The  mixed 
dolomite  and  limestone  which  occurs  at  the  top,  in  places,  suggests 
that  the  maximum  thickness  of  good  stone  has  been  reached.  The 
comparative  uniformity  of  the  beds  throughout  the  quarry  and 
the  fact  that  similar  beds  are  found  in  the  Steetley  Lime  Com- 
pany's quarries,  a  mile  to  the  north-west,  suggest  that  the  rock 
types  will  extend  so  far  at  least. 

Products :  The  limestone  (frequently  called  the  '  Carboniferous 
Limestone  ')  is  used  for  flux.  The  best  part  is  the  lowest  20  ft. 
These  lowest  beds  differ  but  little  from  the  limestone  above,  but 
the  stone  is  perhaps  somewhat  softer.  The  dolomite  is  of  two 
kinds.  The  upper  part,  perhaps  three-quarters  of  the  whole,  or 
60  ft.,  is  used  for  flux,  but  the  lower  part,  about  20  ft.,  next 
above  the  transition  beds,  is  used  for  basic  material.  This  lower 
dolomite  is  particularly  dense  and  has  a  specific  gravity  of  not 
less  than  2"75. 

Market :  The  output  from  the  quarry  is  sent  to  the  Middlesbrough 
District,  West  Hartlepool,  and  a  little  to  the  Tyne. 

Transport:  The  products  are  placed  directly  on  rail.  The 
quai-ry  is  close  to  the  Hartlepool  Branch  of  the  North  Eastern 
Railway. 

The  Steetley  Lime  Co.,  Ltd. 
Coxhoe,  Co.  Durham.     Head  Office,  Worksop. 

Coxhoe  Quarries. 

Quarries :  Situated  at  Quarrington  Hill,  about  \  mile  N.W.  of 
Coxhoe. 

Maps  :  One-inch  New  Ser.  Ordnance  and  Geological  27;  Old  Ser. 
Geological  103  N.E. ;  six-inch  Durham  35  N.E. 
Latitude  54°  43'  20".     Longitude  1°  29'  20". 

Geological  age :  Permian,  Lower  Magnesian  Limestone,  and 
Yellow  Sand. 
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There  are  two  quarries  near  together,  '  Old  Side  '  aud  '  2s  e\v 
Side,'  the  former  is  uorth-east  o±  the  latter. 

Section  at  '  Old  Side  '  :  — 

Ft. 
Bearing  (soil  and  sub-soil)         ...         ...         ...         ...         ...       2-5 

Hard  dolomite      26 

'  Grey  '  dolomite,  hard 20 

Soft  dolomite        9-10 

Th«  lowest  6  ft.  of  the  26  ft.  of  hard  dolomite  is  known  as  the 
'hard  blue.'  The  20  ft.  of  'grey'  dolomite  has  a  yellowish 
colour  and  is  spotted.  The  strata  are  fairly  horizontal  and 
average  about  20  in.  thick.     There  is  no  cross-bedding. 

The  '  New  Side  '  quarry  section  shows  the  same  beds,  but,  in 
addition,  cross-bedded  sand  up  to  about  7  ft.  appears  below  tKe 
dolomite,  in  a  wagon- way.  A  trial  at  '  Old  Side  '  Quarry  did 
not  touch  this  sand,  but  it  appears  in  a  sandpit  a  few  hundred 
yards  to  the  north,  where  there  is  about  20  ft.  of  brownish-yellow 
cross-bedded  sands  capped  by  dolomite.  The  sand  is  partly 
millet-grained,  and  in  places  is  cemented  into  botryoidal  masses. 
A  line  of  ball-like  concretions  of  '  clay  '  occurs  at  the  base  of  the 
'  grey  '  dolomite. 

The  drills  used  for  preparing  holes  for  blasting  are  driven  by 
compressed  air  by  means  of  electricity  obtained  from  Wallsend. 
Water  settles  in  the  lowest  parts  of  the  Old  Quarry  in  two  places, 
but  disappears  in  dry  seasons.  In  the  other  quarry  it  is  expected 
that  the  sand  now  being  cut  into  will  drain  all  water  away. 

Description  of  rocks — 

11747.  'Top  shell,'  first  grade,  for  'basic.'  Pale  grey-buff  fine-grained  dolomite, 
somewhat  variable  in  texture  and  occasionally  geodal.  The  cavities  reach  several 
inches  in  length  and  are  Uned  with  dolom  te-crystals.  The  finer  grained  portion  of 
the  rook  consists  of  an  aggregate  of  dolomite  crystals  (0'03  mm),  with  no  interstitial 
matter. 

11748.  'Hard  blue,'  for  'basic,'  second  grade.  Fine-grained  compact,  pale-buff 
dolomite,  with  minute  veins  and  patches  of  calcite  and  a  httle  interstitial  calcite. 
The  main  mass  of  the  rock,  however,  is  a  fine  aggregate  of  dolomite  crystals  s.mUar 
to  the  above. 

11749.  '  Grey  hard,'  or  'bottom  hard,' mostly  for  flux,  third  ■grade.  Yellow,  fine- 
grained, moderately  compact,  dolomite.  In  texture  and  compo.sition  it  appears  to  be 
similar  to  the  above. 

11750.  Bottom  of  quarry,  fourth  grade.  Pale  yellowish-buff,  fine-grained 
dolomite,  with  small  spherical  cavities  ranging  from  O'l  mm.  to  3  or  4  mm.  in 
diameter.  Similar  in  texture  to  the  above.  The  cavities  appear  to  be  due  to  the 
solution  of  calcite. 

Reserves :  It  is  probable  that  the  beds  seen  at  Coxhoe  extend  as 
far  as  llaisby,  about  a  mile  towards  the  south-east,  except  that  in 
a  small  valley  between,  some  of  the  upper  beds  are  probably 
missing.  The  strata  may  extend  indefinitely  towards  the  north- 
east. 

Products:  The  upper  26  ft.  of  hard  beds  are  used  for  making 
basic  material.  The  20  ft.  of  '  grey'  hard  beds  below  are  mostly 
sent  away  for  flux.  The  soft  beds  at  the  bottom  of  the  section 
are  used  for  flux  and  lime.  The  basic  material  is  calcined  at  the 
works  of  the  Yorkshire  Basic  Co.,  Ltd.,  at  Coxhoe. 

Transport :  A  tramway  connects  the  quarries  with  the  works  of 
the  Yorkshire  Basic  Co.,  which  are  connected  by  sidings  with  the 
North  Eastern  Railway    at  Coxhoe  Bridge  Station. 

0 


204  dolomite. 

The  Yorkshire  Basic  Co.,  Ltd. 
Offices,  Worksop. 

Works:  Situated  near  tlie  nortli  end  of  Coxlioe  village,  Co. 
Durliam. 

Maps :  One-incli  New  Ser.  Ordnance  and  Geological  27 ;  Old 
Ser.  Geological  103  N.E.;  six-inch  Durliam  35  N.E. 

The  works  produce  basic  dolomite ;  the  raw  material  is  obtained 
from  the  adjacent  quarries  of  the  Steetley  Lime  Co.,  Ltd.  (see 
p.  203).     Seven  dolomite  calcination  kilns  are  in  operation. 

The  Permian  Rocks  of 
Derbyshire,    Nottinghamshire   and    Solth   Yorkshire. 

Dolomite  for  basic  material  is  obtained  at  present,  in  this  dis- 
trict, from  a  quarry,  in  Permian  limestone,  situated  near  the 
junction  of  the  three  counties. 

The  Permian  succession  in  this  part  of  England  is  as  follows  :  — 

Upper  Permian  Marl  (local). 
Upper  Magnesian  Limestone. 
JMiddle  Permian  Marl. 
Lower  Magnesian  Limestone. 
Quicksand  (local). 

The  succession  changes  as  the  beds  are  followed  from  south  to 
north.  The  Upper  Magnesian  Limestone  hrst  appears  about  the 
latitude  of  Shireoaks,  and  increases  in  importance  northwards-. 
The  Middle  Permian  Marl  diminishes  in  thickness  in  North  Not- 
tinghamshire and  at  Warmsworth  Crags,  Doncaster,  it  locally 
disappears,  and  there  is  no  clear  division  between  the  Upper  and 
Lower  Limestones. 

The  Lower  Magnesian  Limestone  contains  two  types  of  rock, 
(a)  a  crystalline  dolomite,  and  (6)  a  flaggy,  thin-bedded  dolomite 
composed  of  rhombs  of  dolomite  with  interstitial  calcareou.s 
cement.  In  the  Mansfield  district,  to  the  south,  the  ciystalline 
rock  occurs  as  knolls  or  reefs  surrounded  by  the  flaggy  type,  but 
farther  north  the  difference  between  the  two  types  is  less  marked. 
On  the  whole,  type  (a)  tends  to  overlie  type  (6). 

The  pit  worked  for  basic  material  is  situated  in  the  Lower 
Magnesian  Limestone,  and  not  far  from  the  top  of  the  formation. 
The  rock  is  a  well-bedded  crystalline  dolomite,  often  sound  enougli 
to  make  a  good  building  stone, 

DERBYSHIRE. 
The  Steetley  Lime  Co.,  Ltd. 
Worksop. 
Steetley  Quarry. 

WorJcs  :  Adjoining  the  quarry  but  in  the  county  of  Nottingham- 
shire. 

Quarry :  Situated  2^  miles  west  of  Worksop. 
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Maps:  One-inch  New  8er.  Ordnance  101;  Old  Ser.  Geological 
82  N.E.;  six-incli  Derbvsliire  20  N.W. 

Latitude  53°  18'  10"/    Longitude  1°  10'  35". 

Geological  age:  Permian.     Lower  Magnesian  Limestone. 

The  quarry  covers  a  considerable  area,  and  shows  from  25  to 
30  ft.  of  level-hedded  dolomite.  At  the  east  side  the  top  flaggy 
beds  represent  the  rag  of  other  parts  of  the  quarry.  At  the 
bottom  of  the  section  is  '  cank,'  a  very  hard  bed  of  dolomite.  It 
is  believed  by  the  firm  that  the  strata  here  are  lower  in  the  succes- 
sion than  those  worked  at  the  Shireoaks  quarry  (below). 

Description  of  rocks — 

11737.  Bed  below  Top  Rag.  Cream-coloured  fine-grained  minutely  cavernous 
dolomite.  The  rock  in  composed  of  badly-formed  dolomite  crystals  (average  0"  1  mm.). 
There  appears  to  be  very  little  impurity  of  any  kind. 

117:58.  Bottom  Bed.  Pale-buff  fiiie-grained  dolomite,  consisting  entirely  of 
moderately  weU-shapcd  rhombs  of  dolomite  (0*075  mm.)  with  a  small  amount  of 
inter.stitial  dolomitic  matrix. 

Reserves :  Very  large. 

Products :  The  bulk  of  the  stone  is  burnt  into  basic  material. 
A  part  of  the  calcined  dolomite  is  made  into  bricks,  and  any  of  the 
si  lata  serve  for  this  purpose.  The  lower  third,  however,  is  con- 
sidered scarcely  so  good  for  biicks  as  the  rest.  It  is  po.ssible  tliat 
weathering  may  here  improve  the  quality  of  the  upper  bedr,  by 
leaching  out  interstitial  calcareous  cement  where  present;  and  so 
causing  the  rock  to  become  a  purer  dolomite  than  before.  The 
Steetley  stone  is  purer  than  that  frond  Shireoaks  and  cannot  be 
used  for  road-metal;  it  was  formerly  a  building  stone  of  good 
repute.  Magnesia  was  made  at  the  old  quarry  adjoining  the 
present  workings. 

Transjiort :  liailway  sidings  connect  the  works  with  the  Mid- 
land Kailway  (Mansfield  to  Worksop  Branch). 

Some   other   Quarries    working    Dolomite    ix    the    Permian 

Rocks    of    Nottinghamshire,    Yorkshire, 

Derbyshire  and    Durham. 

The  following  quarries  occur  in  the  Magnesian  Limestone  of 
the  Permian  System.  The  stone  is  used  for  lime,  as  a  flux,  for 
glass  manufacture,  and  formerly  for  making  magnesia,  etc.,  and 
for  various  other  purposes,  l)ut  it  is  not  at  present  employed  as  a 
basic  furnace-lining. 

YORKSHIRE. 

The  Steetley  Lime  Co.,  Ltd. 

Sliiieoaks  Quarries. 

Quarries :  Situated  just  within  Yorksliire,  nearly  \  mile  west  of 
Shireoaks  Station. 

Maps :  One-inch  New  Ser.  Ordnance  101 ;  Old  Ser.  Oeological 
82  N.E.;  six-inch  Yorks  30T)  N.E. 

Latitude  53°  19'  30".     Longitude  1°  10'  30". 

Geological  age:  Permian.     Lower  Magnesian  Limestone. 
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The  quarries'^  are  situated  on  both  sides  of  the  Chesterfield 
Canal,  and  are  connected  by  a  tunnel.  The  sections  show  about 
18  ft.  of  dolomite  divided  into  three  types.  The  lowest  beds  are 
whitish,  very  hard  and  close  grained :  the  middle  strata  are 
cream  coloured  and  more  open  in  texture ;  and  the  highest  beds  are 
softer  than  the  others,  but  of  purer  dolomite.  The  upper  beds 
appear  to  have  had  interstitial  calcite  leached  out  by  weathering. 
The  lower  beds  are  harder  than  any  at  Steetley  and  the  more 
siliceous  beds  contain  up  to  7  per  cent,  of  silica. 

In  the  past,  large  blocks  of  building  stone  (as  much  as  4  ft. 
9  in.  by  4  ft.  6  in.  by  2  ft.)  have  been  produced  from  the  top 
beds.  The  hard  siliceous  beds  are  sometimes  used  for  macadam. 
Most  of  the  stone  is  burnt  for  lime. 

Reserves :  Large. 

Products :  The  works,  near  the  quarries,  produce  principally 
lump  lime  for  builders,  ground  lime  for  agricultural  purposes, 
also  asphalt  and  road  stone  in  various  sizes.  Much  of  the  lime 
produced  is  hydraulic,  of  excellent  quality. 

Transport :  The  Chesterfield  Canal  crosses  the  quarries  and  the 
Great  Central  Railway  (Sheffield  to  Lincoln)  adjoins  them. 

LocKwooD,  Blagden  &  Crawshaw. 
Warmsworth  Cliffs,  near  Doncaster. 
Warmsworth  Cliff  Quarries. 

Quarries  :  Situated  in  the  valley  of  the  Don,  about  2  miles  south- 
west of  Doncaster. 

Mays:  One-inch  New  Ser.  Ordnance  87;  Old  Ser.  Geological 
87  S.E.;  six-inch  Yorkshire  284  N.E. 

Latitude  53°  29'  45"  to  53°  30'  10".     Longitude  1°  11'  15". 

The  quarries  extend  along  the  bluff  on  the  south  bank  of  the 
Don  and  are  cut  through  by  the  Great  Central  Railway  (Sheffield 
and  Doncaster  Branch). 

The  section  seen  in  the  quarry-face  averages  100  ft.  and  is 
entirely  in  magnesian  limestone.  The  lower  third  of  the  rock  is 
well  bedded;  abov(»  that,  bedding  is  quite  irregular.  No  differ- 
ences are  recognised  between  the  beds  except  that  some  of  the 
strata  are  a  trifle  whiter  and  some  of  coarser  texture  than  the  rest. 
The  Permian  Middle  Marl  seems  to  be  absent  and  the  highest  beds 
(Upper  Magnesian  Limestone)  and  lowest  beds  (Lower  Magnesian 
Limestone)  are  not  separable- 

Description  of  rocks — 

11732.  'Whiter  stone.'  Completely  dolomitised,  fine-grained,  compact  cream- 
coloTired,  foraminiferal  limestong.  No  calcite  now  remains  and  there  is  practically  no 
siliceous  matter. 

11733.  '  Coarser  stone,'  used  for  road-foundations.  Cavernous,  buff,  moderately 
compact,  incompletely  dolomitised  organic  limestone.  Calcite  in  circular  patches, 
representing  the  infilling  of  organisms  or  oolitic  grains,  is  moderately  abundant.  The 
silica  content  appears  to  be  .«mall. 

1  The  quarries  were  described  by  W.  T.  Aveline  in  '  The  Geology  of  parts  of 
Nottinghamshire,  Yorkshire  and  Derbyshire  '  (^Mevi.  Geol.  Surr,"),  ed.  2,  1880,  p.  16. 
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Mr.  Fred.  J.  Howden. 
Hampole,  near  Doncaster. 
Ilampole  Quarry. 
Quarry :  Situated  5  miles  north-west  of  Doncaster. 

Ma/}.s :  One-inch  New  Ser.  Ordnance  87;  Old  Ser.  Geological 
87  S.E. ;  six-inch  Yorkshire  264  S.W. 

Latitude  53°  34'  55".     Longitude  1°  12'  55". 

The  quarry-face  is  from  70  to  80  ft.  and  the  whole  section  is  in 
dolomite.  The  beds  are  thinner  in  the  upper  and  thicker  in  the 
lower  parts  of  the  quarry. 

Description  of  rocks — 

11734.  Hard  bed  above  the  clay.  Pale-buff,  finely  granular  uniform-textured 
dolomite.  Composed  entirely  of  closely-packed  granules  of  dolomite  ranging  from  0"05 
to  U"l  mm.  in  diameter.     No  calcite. 

11735.  Top  of  bed,  18  ins.  below  the  clay  ;  used  as  a  building  stone.  Pale  cream- 
coloured  minutely  cavernous  rock,  having  almost  the  aspect  of  a  pumice.  Incom- 
pletely doloraitised  organic  limestone.  The  pores  appear  to  be  due  to  dissolved 
calcite.  Calcite  i.s  still  present  in  som'^  quantity  as  moderately  large  crystals  and  as 
interstitial  matter  tetween  the  dolomite-granules.  The  miin  mass  of  the  rock  is 
composed  of  dolomite  in  granules  0  025  mm.  in  diameter. 

James  Turner  &  Sons. 
Kiveton  Park,  near  Sheffield. 
Roche  Abbey  Quarry,   Rotherham.      [Standing  1916.) 
Quarry :  Situated  1^  mile  south-east  of  Maltby  Church. 

Maps :  One-inch  New  Ser.  Ordnance  and  Geological  100,  Old 
Ser.  Geological  82  N.E, ;  six-inch  "Yorkshire  290  N.E. 

Latitude  53°  24'  10".     Longitude  1°  10'  50". 

About  30  ft.  quarr^^-face  in  well-bedded  white  dolomite  lime- 
stone. 

Description  of  rock. — 11736.  Pale  cream-coloured,  fine-grained,  saccharoidal 
(lojfimite.  Comiiosed  eutircl}'  of  ill-formed  rhombs  of  dolonule  (O'Oo  to  Ovl  mju.), 
clcweiy-packed,  with  occasional  intergranular  spaces.  No  calcite  or  siUceous  matter 
can   be  detected. 

Anston  Quarry,   North  Anston. 
Quarry:  IJ  mile  N.N.E.  of  Kiveton  Park  Station. 

Maps:  One-inch  as  for  llochc  Abbey  Quarry ;  six-inch"  York- 
shire 290  N.W. 

Lati(u(h'  53°  21'  30".     Longitude  1°  13'  20". 

The  section  at  ihe  deepest  part  shows  about  37  ft.  ul  limestone 
under  soil.  The  upper  17  ft.  of  limestone  is  useless  for  building- 
stone;  it  contains  geodes  which  spoil  the  stone.  The  remaining 
20  ft.  is  good  building-stone  of  a  pale  yellowish  colour,  and  hard. 
About  a  foot  l)e]ow  the  floor  the  stone  has  been  proved  to  be 
'leafy,'  that  is,  it  has  a  tendency  to  break  into  laminae,  and 
below  thi3  the  rock  gets  gritty. 

Kiveton  Park  Quarry. 

Quarry :  Situated  close  to  Kiveton  Park  Station,  Great  Central 
E  ail  way. 
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Maps  :  Oiie-incli  as  for  Roche  Abbey  Quarry ;  six-inch  Yorkshire 
300  N.W. 

Latitude  53°  20'  15".     Longitude  1°  14'  20". 

The  section  shows  about  50  ft.  of  limestone  with  from  2  to  3  ft. 

of  rubble  on  toj).     Apart  from  slight  differences  in  hardness  the 

stone  is  of  one  kind  down  to  the  main  floor,  that  is  for  about  50  ft. 

The  bottom  6   ft.,   however,   dug  out  in  places  from  below  the 

general  floor  level,  is  harder  and  will  take   a  polish.     The  beds 

vary  from  1  to  2  ft.  in  thickness. 

Description  of  rock. — 11746.  From  upper  50  ft.  of  the  quarry.  Fine-grauied 
compact,  pale  yellowish-buff  dolomite,  composed  entirely  of  minute  dolomite-granules 
with  a  little  interstitial  ferruginous  matter.     Average  size  of  grain  about  0*02  mm. 

NOTTINGHAMSHIRE. 

Warner  &  Co. 
Stoneyford  Lane,  Sutton-in-Ashfield. 
Stoneyford  Lane  Quarry  {Standing,  July,   1916.) 
Quarry :  Situated  f  mile  south-west  of  Skegby  Station. 

Maps:  One-inch  New  Ser.  Ordnance  and  Geological  112;  six- 
inch  Nottinghamshire  27  N.W. 

Latitude  53°  8'  10".     Longitude  1°  16'  15". 

Section  shows  15  to  25  ft.,  in  different  parts,  of  thin -bedded 
magnesian  limestone.     (Typical  of  many  quarries  not  specified-) 

Description  of  rock. — 11740.  Buff  to  brown,  somewhat  coarse-grained  saccharoidal 
dolomite.  Composed  of  moderately  large  rhombs  of  dolomite  (0'4  mm.)  closely 
packed  except  for  small  local  spaces  filled  with  granular  calcite. 

Mr.  William  Sills. 
Mansfield  Stone  Quarries,  Mansfield,  Notts. 
Pleasley  Junction  Quarry. 
Quarry  :  Situated  |  mile  north  of  Mansfield  Woodhouse  Station. 

Maps:  One-inch  New  Ser.  Ordnance  and  Geological  112;  six- 
inch  Derbyshire  31  N.E. 

Latitude  53°  10'  10".     Longitude  1°  12'  10". 

Section  up  to  60  ft.  above  water-level.  Another  20  ft.  or  so  is 
under  water  part  of  the  year,  but  it  can  be  worked  from  about 
September  to  Februarj-.  There  is  5  or  6  ft.  of  stone-rubble  at 
the  top.  The  rock  is  a  creamy  massive  dolomite  with  a  rough 
bedding  and  showing  vaguely  an  anticlinal  or  dome  structure. 
The  rock  is  hardest  at  the  bottom  of  the  pit. 

Description  of  rock. — 11739.  Building  stone,  but  mainly  u.sed  for  lime.  Yellow-buff, 
fine-grained,  compact  dolomite.  Composed  of  small  granules  and  rhombs  of  dolomite 
(0'03  to  005  mm.)  in  a  relatively  small  amount  of  dolomitic  matrix.  The  matrix  is 
probably  somewhat  ferruginous. 

COUNTY  DURHAM. 

Pease  &  Partners,  Ltd. 

92,  Northgate,  Darlington. 

Bishop  Middleham  Quarry. 

Quarry :  Situated  about  ^  mile  east  of  Bishop  Middleham  and 
2  miles  east  of  Fenyhill  Station. 
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Maps:  Une-ijicli  New  8ei'.   Ordnance  and    Geological  27;   Old 
Ser.  Geological  103  N.E.;  six-incli  Durham  35  S.E. 
Latitude  54°  40'  35".     Longitude  1°  28'  45". 

Tlie  face  i^  al)out  30  ft.  liigh.  over  a  great  part  of  the  quarry,  in 
places  rising  to  about  35  ft.,  but  for  soma  distance  north  of  the 
road  which  divides  the  quarry  into  two  parts  the  heiglit  is  alx)ut 
58  ft.  Xo  general  section  can  be  given  owing  to  the  irregular 
arrangement  of  tlie  (h)lomite  and  ordinary  limestone.  The  stone 
is  said  to  be  too  soft  for  making  dolomite  tor  furnace  lining. 

Chilton    Quarry. 

Quarri) :  Situated  about  \  mile  south  of  Ferryhill  Station. 

Maps  .  One-inch  New  Ser.  Ordnance  and  Geological  27,  Old  vSer. 
Geological  103  N.E.;  six-inch  Durham  35  S.W. 

Latitude  54°  40'  40".     Longitude  1°  32'  0". 

The  section  is  about  80  ft.  at  tlie  deepest  part  of  the  quarry.  At 
the  top  there  is  glacial  sand  and  gravel  up  to  35  ft.  thick.  This 
is  mostly  sand  but  usually  has  a  layer  of  gravel  on  top  and 
another  at  the  base.  Under  the  drift  is  dolomite.  The  stone  is 
in  gnarled  masses  for  the  most  part,  but  the  highest  part  shows 
normal  bedding.  Trial-holes  have  been  made  behind  the  face, 
and  in  one  of  these  22  or  23  ft.  of  ordinary  limestone  was  met 
with  and  was  not  penetrated;  but  the  other  trial  holes  were  all  in 
dolomite,  below  the  drift. 

Tames  Routledge  &  Co. 

Ferryhill,  Co.  Durham. 

Mainsfortli    Quarry. 
Quarry  :  Situated  close  to  Ferryhill  Station,  on  the  eastern  side. 
Maps:   One-inch  New  Ser.   Ordnance  and   Geological  27,   Old 
Ser.  Geological  103  N.E. ;  six-inch  Durham  35  S.W. 

Latitude  54°  40'  55".     Longitude  1°  31'  40". 

The  (juarry  is  in  a  river  bluff.  At  the  top  there  is  Glacial 
gravel  from  3  to  40  ft.  thick  and  all  waste.  It  contains  some  sub- 
ordinate beds  of  sand.  Below  is  bedded  dolomite,  about  50  ft. 
seen . 

Lambto.x  lS:   Hetton  Collieries,  Ltp. 
Hetton-le-Hole,  Co.  Durham. 

EppJetoii  Quarry,  Helton  Downs. 

Quarry :  Situated  at  Hetton  Downs,  known  also  as  Down  Hill 
Quarry. 

Maps:  One-inch  New  Ser.  Ordnance  and  Geological  21,  Old 
Ser.  Geological  105  S.E.;  six-inch  Durham  21  N.W. 

Latitude  54°  49'  45".     Longitude  1°  2G'  30". 
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The  section  seen  in  the  quairy  shows:  — 

Ft. 

Bearing      4 

Magnesian  Limestone,  good        6 

„                     poor 9 

„                     building-stone '..  5-6 

,,                     waste  (weatliers  'leafy')         ...         ...  5 

Clay,  with  fish  remains    ...         ...         ...         ...         ...         ...  | 

Sand 45 

Description  of  rock. — 11753.  Fine-giained  yellowish  dolomite,  veined  and  fractured. 
A  fine-grained  aggregate  of  dolomite-crystals  sparsely  veined  with  calcite,  but  locally 
containing  patches  in  which  calcite  preponderates.  Average  size  of  grains  about 
005  mm. 

The  Marquis  of  Londonderry. 
Londonderry  Offices,  Seaham  Harbour. 
Dawdon  Hill  Fox  Cover  Quarry. 
Quarry :  Situated  nearly  a  mile  south  of  Seaham  Harbour. 

Maps :  Oue-iuch  New  Ser.  Ordnance  and  Geological  21,  Old 
Ser.  Geological  105  S.E.;  six-inch  Durham  21  N.E. 

Latitude  54°  49'  20".     Longitude  1°  20'  20". 

The  quarry  is  divided  into  an  east  and  west  jjart,  the  western 
part  being  about  80  ft.  deep,  and  the  eastern  part  about  50  ft. 
The  face  is  partly  in  limestone  and  partly  in  dolomite,  the  junction 
between  the  two  being  abrupt  and  approximatel}'  vertical.  No 
bedding  planes  are  seen  in  either  rock  and  both  are  cavernous. 

The  Harton  Coal  Co.,  Ltd. 

Greneral  Offices,  South  Shields. 

Marsden  No.  5  Quarry, 

Quarry :  Situated  a  few  hundred  yards  south  of  Marsden 
Church,  near  South  Shields. 

Maps :   One-inch  New    Ser.   Ordnance  and  Geological  21,   Old 
Ser.  Geological  105  S.E. ;  six-inch  Durham  4  S.E. 
Latitude  54°  58'  5".     Longitude  1°  21'  55", 
The  section  shows  :  — 

Ft-. 
Good  limestone     ...         ...         ...         ...         ...         ...         ...         .30 

'  Trouble  '  (waste)  contains  some  dolomite      ...         ...         ...       2-5 

Good  limestone     ,,.         ,.,         .,,         ...         ...         ...         ...         10 

with  95-98  per  cent,  of  CaCOa  20 

Good,  but  softer  limestone         20 

The  stone  is  cavernous,  and  strata  have  a  maximum  thickness 
of  4  ft.  In  one  place  at  the  bottom  of  the  quarry  a  bed  of  dolomite 
is  seen  for  2  ft.  and  is  known,  from  a  trial-hole,  to  be  4  ft.  or 
more  thick.     It  is  very  soft  and  marly, 

Marsden  No.  9  Quarry. 

Quarry:  Situated  on  the  coast,  ^  mile  south-east  of  Marsden 
Church, 

Maps :  As  for  Marsden  No,  5  Quarry, 
Latitude  54°  58'  0".     Longitude  1°  21'  SO". 
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This  quarry  would  appear  from  the  evidence  of  an  old  map  to 
be  Byer's  Quarry,  but  this  name  is  not  now  known  to  the  quarry- 
men,  althoupli  used  in  p-polo^ical  literature. 

About  90  ft.  of  well-l)edded,  often  flaggy  limestone,  is  exposed. 
Near  the  middle  of  the  quarry  a  band  of  dolomite  8  ft.  thick  is 
seen,  but  it  dies  out  on  either  side. 

-  Sir  Hedworth  Williamson's  Fulwell  Lime  Works,  Ltd. 

15,  North  Bridge  Street,  Sunderland. 

Fulwell  Quarries. 

Quarries :  Situated  about  1^  mile  N.W.  of  the  Wear  Bridge  at 
Sunderland. 

Maps :  One-inch  New  Ser.  Ordnance  and  Geological  21,  Old  Ser. 
(jreological  105  S.E. ;  six-inch  Durham  8  N.W. 

Latitude  54°  55'  30"  to  54^  56'  0".  Longitude  1°  23'  20"  to 
1°  24'  30". 

The  quarries  extend  for  about  f  mile  east  and  west  and  \  mile 
north  and  south,  and  are  known  to  have  been  worked  in  1790.  A 
full  section  of  the  strata  exposed  at  Fulwell  is  given  by  J.  W. 
Kirkby  in  Qiuirt.  Journal.  Geol.  Soc,  vol.  xx,  1864,  p.  347. 


Dolomite  in  the  Carboniferous  Limestone, 

YORKSHIRE. 

John  Delaney,  Ltd. 

Head  Office,  Settle. 
Thres/ifield  Q^iarries. 
Quarries  and  works :  At  Bell  Bank,  Skirethorns  (or  Skytliorns), 
in  Threshtield  Parish,  1  mile  W.  of  Grassington  and  Threshfield 
Station. 

Maps:  One-incli  New  Ser.  Ordnance  and  Geological  61 ;  six- 
inch  Yorkshire  134  N.W.  and  133  N.E. 

Latitude  54°  4'  22".     Longitude  2°  2'  0". 

Geological  aye:  Carl>oniterous  Limestone. 

These  quarries  were  originally  opened  for  lime  and  worked 
the  good  white  stone  wliich  forms  a  cap  25  to  30  ft.  to  the  wooded 
knob  known  as  Bell  Bunk  Benealh  the  white  limestone  over 
50  ft.  of  dolomite  has  now  been  exposed,  it  lies  in  fairly  regular 
beds  from  6  in.  to  4  ft.  thick,  and  except  in  one  or  two  places  the 
junction  between  the  dolomite  and  white  limestone  is  an  even 
])iane.  The  beds  dip  at  5°  to  8°  slightly  south  of  east.  For 
some  time  the  dolomite  was  regarded  as  waste,  and  this  has 
influenced  the  laying  out  of  the  quarry  and  plant.  At  present 
(1916)  the  white  limestone  is  being  taken  from  the  upper  and 
older  part  of  the  quarry  and  burned  for  lime;  there  are  three 
modern  kilns.  The  limestone  will  eventually  be  entirely  removed 
and  a  large  mass  of  dolomite  exposed.     On  the  north-weat  side 
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of  the  older  quarry  a  large  opening  at  a  lower  level  is  l)eing 
actively  extended  entirely  in  dolomite.  A  face  of  about  60  ft. 
is  cut  right  down  in  benches,  and  though  some  beds  are  better 
than  others  no  selection  is  made,  and  the  Avhole  of  the  material 
is  used  except  a  small  quantity  of  calcareous  rubl>le  which  occurs 
at  the  top.  New  working  faces  are  also  being  developed  on  the 
south-west  side. 

Pneumatic  drilling  and  blasting  are  employed  and  the  whole 
of  the  internal  transport  of  the  quarries  is  carried  out  by  an  end- 
less rope  tram  system. 

Description  of  rocks. 

11795  A.  Yellowish-brown,  gi-ey-speckled,  coarsely  crystalline  dolomite.  Composed 
of  well-shaped  rhombs  of  .siightlj'-  ferriferous  dolomite,  in  a  moderately  abimdant 
calcite-matrix.     Crystals  0'3  to  0-6  mir. 

11795  B.  Similar  rock  to  the  above,  but  composed  of  smaller  and  mutually  inter- 
ferinsc  dolomite-crystals  with  a  smaller  proportion  of  calcite  which  is  collected  into 
patches  rather  than  occurring  as  a  matrix  to  the  dolomite-rhombs. 

Resources :  The  reserves  of  dolomite  are  very  large.  Except 
for  the  capping  of  white  limestone,  the  whole  of  the  Bell  Bank 
knoll  and  the  lower  ground  surrounding  it  on  the  north  side  of 
Skirethorns  Lane  appears  to  be  dolomite.  An  extension  of  the 
same  beds  will  probably  be  found  westward  in  the  direction  of 
Eound  Hill. 

Products :  Lime  and  raw  dolomite.  Two  cupolas  for  dolomite 
shrinking  have  been  erected  and  three  others  are  contemplated, 
but  no  burnt  dolomite  has  jet  been  produced.  The  output  goes 
to  Leeds. 

2'ransfort :  From  the  quarries  an  endless  rope  tramline  conveys 
the  lime  and  stone  to  Grassington  Station  on  the  Midland 
Railwa3^ 

DERBYSHIRE. 

Maps:  One-inch  New  Ser.  Ordnance  111;  Old  Ser,  Oeological 
T2  N.E.,  Harboro'  Rocks,  etc.;  Old  Ser.  Geological  81  S.E., 
Elton  and  Newhaven;  one-inch  New  Ser.  Ordnance  and  Geological 
112,  Matlock. 

The  Carboniferous  Moimtain  Limestone  of  Derbyshire  exhibits 
irregular  dolomitization  in  man}-  places;  it  is  locall}^  known  as 
'  dun-stone.'  No  systematic  search  has  yet  been  made  in  the 
county  for  dolomite  suitable  for  calcination.  There  is,  however, 
at  Harboro'  Rocks,  1  mile  N.E.  of  Brassington,  a  large  m&ss  of 
thoroughly  dolomitized  rock,  forming  the  highest  ground  in  the 
neighbourhood,  and  well  situated  for  quarrying.  The  area  of 
dolomite  is  large,  approximately  one  square  mile  at  Harboro' 
Rocks,  and  it  is  at  least  150  ft.  thick.  The  Cromford  and  High 
Peak  Mineral  Railway  runs  close  by  the  site.  The  stone  is  a 
remarkably  pure  dolomite  and  is  well  worth  attention  as  a  source 
of  refractory  material.  Messrs.  Swann,  Ratclifite  and  Co.,  Ltd., 
are  about  to  quarry  the  dolomite  and  contemplate  the  erection 
of  cupolas  for  calcination  on  the  site. 

Dolomite  occurs  in  the  neig-hbourhood  of  Harboro'  but  not 
perhaj)s  so  convenienth'  situated  for  working.  A  quarrj^  has  been 
opened  quite   recently  by  the  Buxton  Lime  Firms  Co.,   Ltd.,  a 
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little  to  the  east  of  Harboio',  on  tlie  valley  side  facing  the  Ho]»tou 
Wood  limestone  quarries.  A  similar  rock  occurs  about  2  miles 
S.E.  of  Harboro'  near  Carsinfrton  village  and  X.  of  Hoptoii  Hall  ; 
also  west  of  Brassington,  in  tlie  Brassington  liocks. 

Other  occurrences  of  maguesiau  limestone  are:  — 

(1)  On  a  hirge  tract  south  of  Elton,  between  Elton  Moor  and 
Winster  Moor. 

(3)  About  Newhaven  and  Friden,  south  of  Middleton  Common. 

('i)  At  Matlock  Bath  tlie  whole  of  the  limestone  l^etween.  the 
two  lava  beds  is  dolomilic  and  is  well  exposed  on  the  western  side 
of  the  valley  at  the  '  Komantic  Rocks.'  "  The  same  beds  on  the 
east  flank  of  Masson  Hill  and  near  Salter  Lane,  west  of  Matlock, 
are  not  conspicuously  dolomitic,  but  they  become  strongly  dolo- 
mitic  again  westward  of  AVensley^  ''  where  they  fomi  the  dip 
slope. 

Description  of  rock. — 11756.  Harboro'  Rocks,  Brassington,  Derby.  Moderately 
fine-grained,  somewhat  saccharoidal  pale-buff  dolomite  with  small  patche.--  of  calcite 
The  whole  rock  is  minutely  cavernous.  It  consist^*,  except  for  the  small  patches  of 
calcite  mentioned,  of  dolomite-crystals,  of  all  sizes  up  to  about  0- 1.5  mm. 


LEICESTERSHIRE. 

Mr.  J.  (t.  Shields. 

Manor  House,  Isley  Walton,  Derby. 

Breedon  Quarries. 

Quarries :  Breedon  Hill  Lime  Works  Quarry  situated  at  Bree- 
don-on-the-Hill,  and  Cloud  Hill  Quarry  at  Breedon  Cloud,  Worth- 
ington,  near  Aslibj^-de-la-Zouch. 

Maps :  One-inch  New  Ser.  Ordnance  and  Geological  141 ;  six- 
inch  Leicester  9  S.E.  (Derby  58  S.E.)  and  Leicester  16  X.E. 
(Cloud  Hill). 

Breedon  Hill  Quarry  Latitude  52^  48'  0".  Longitude 
1°  24'  0". 

Breedon  Cloud  Quarrv  :  Latitude  52°  47'  0".  Longitude 
P  23'  20". 

Geological  aye  :  Carboniferous  Limestone. 

At  Jireedon  Hill  and  Breedon  Cloud,  1  mile  south-east,  two 
small  ])atches  of  Carboniferous  Limestone  make  their  appearance 
through  the  surrounding  Triassic  rocks.  Most  of  the  rock  is 
dolomitic;  flaggy  and  concretionary  beds  occur  along  with  others 
in  which  the  bedding  is  less  w(dl-niarked.  The  bulk  of  the  stone 
is  light  l)rownish  grey  in  colour,  scnii-crystalline,  hard  and  much 
jointed. - 

Reserves:   Al)undant. 

Products  :  The  stone  is  mainly  used  for  agricultural  lime,  it  has 
also  been  employed  for  building  stone  and  for  making  recon- 
structed stone. 


1  '  The  fJeolopy  of  the  Northern  Part  of  the  Derbyshire  Coalfield,'  etc.  'Mem.  Oeol. 
Surv.),  1913,  p.  32. 

-'The  Geology  of  the  Country  between  Derby,  Burton-on-Trent  and  Lough- 
borough' {Mem.  Oeol.  Surv.),  1905,  pp.  13-17. 
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Transport :  Cloud  Hill  Qiiam^  lias  sidings  connecting  with  the 
Derby  and  Ashb}^  branch  of  the  Midland  Railway,  Worthington 
Station.  The  nearest  station  to  Breedon  is  Tonge  and  Breedon 
on  the  same  line,  f  mile  N.E.  of  the  quarry. 


NORTH  WALES  AND  SHROPSHIRE. 

In  the  outcrops  of  Carboniferous  Limestone  on  the  flanks  of  the 
Vale-of-Clwyd,  and  in  the  range  extending  from  Holj'Well  to 
Llandegla,  and  its  continuation  south  of  the  Bala  Fault  from 
Mijiera  to  Llanym^'nech  i;i  Shropshire,  extensive  occurrences  of 
dolomite  are  confined  to  the  area  south  of  Oswestry,  where  there 
are  clear  indications  that  the  Carboniferous  Limestone  was  sub- 
merged beneath  the  waters  of  the  Triassic  Sea.  Elsewhere,  dolo' 
mite,  both  of  contemporaneous  and  of  secondaiy  origin,  has  been 
found  in  small  masses  in  various  states  of  purity,  but  usually  of 
too  small  extent  to  be  of  value. ^ 

South  of  Oswestry  the  most  intensive  secondary  dolomitization 
has  occurred  in  the  neighbourhood  of  Porthywaen  (see  Map,  p. 
107),  the  beds  chiefly  affected  being  some  170  ft.  in  thickness  and 
representing  part  of  the  '  White  '  Limestone  of  Denbighshire, 
greatly  altered  in  character.^  The  limestone  unconformably 
overlies  rocks  of  Ordovician  age  and  dips  gently  eastward  beneath 
younger  strata. 

For  many  years  before  the  occurrence  of  much  dolomite  in  this 
neighbourhood  was  suspected  (although  Murchison^  in  1839  had 
drawn  attention  to  the  occurrence  of  magnesia  in  some  beds  at' 
Llanymynech)  the  quarrymen  worked  the  limestone,  but  rejected 
the  dolomite  which  was  termed  '  rottenstone.'  The  old  quarries, 
therefore,  are  situated  where  the  limestone  was  most  abundant, 
and  were  often  left  with  nearly  vertical  walls  consisting  mostly  of 
dolomite.  A  complaint  having  been  made  about  the  quality  of 
the  lime  supplied  to  a  South  Staffordshire  firm,  Mr.  E.  D. 
Nicholson,  by  systematic  analysis,  discovered  that  the  objection- 
able portions  were  calcined  dolomite.  The  Basic  Process  having 
alreadv  been  introduced,  a  use  was  thus  found  for  the  '  rotten- 
stone  '  previously  rejected. 

The  Porthywaen  Lime  Co.,  Ltd. 

Llynclys,  Oswestry. 

and  the  . 

Whitehaven  Basic  Co. 

Works :  Situated  close  to  Porthywaen  Station,  Cambrian  (Tanat 
Valley)  Railway. 

Quarries :  The  Porthywaen  quarries  worked  at  present  are 
located  on  the  north  side  of  the  railway  passing  through  the 
Porthywaen  gap,  and  are  named  Hunt's,  Whitehaven,  Cooper's 

1  •  Summary  of  Progress  for  1910  '  {Mem.  Geol.  Surv.),  1911,  p.  7 ;  and  'for  1914.' 
1915,  p.  9. 

2  '  Summary  of  Progress  for  1915  '  (Metn.  Geol.  Surv.),  1916,  pp.  6-7. 
2  '  Silurian  System  '  1839,  p.  146. 
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and  Williams's  quarries.     Old  quarries,  worked  chiefly  for  lime- 
stone, occur  in  the  neighbourliood,  and  on  Llanymynoch  Hill. 

Maps:  One-inch  New  ISer.  Ordnance  137;  Old  Ser.  Geological 
74  S.K. ;  six-inch  Shropshire  19  S.W.  and  26  N.W. 

Latitude  52°  48'  30".     Longitude  3°  5'  20". 

Geological  age :  Carboniferous  Limestone. 

Secondary  dolomitization  has  affected  the  limestone  south  of 
an  E.-W.  line  through  Nant-mawr  and  the  woods  north  of  White- 
haven, and  it  is  perhaps  most  intense  on  the  two  sides  of  the 
Porthywaen  gap,  dying  out  to  a  great  extent  at  Llanymynech 
Hill  farther  south.  The  beds  chiefly  affected  are  about  170  ft. 
in  thickness,  forming  a  group^  of  dark-grey,  brown,  ])inkish,  or 
yellow  limestones,  in  part  oolitic,  with,  in  certain  places,  a  band 
of  red  or  crimson  shale  about  30  ft.  below  the  top,  and  Ijelow  the 
shale  smooth  porcellaneous  limestones  ('  flummery').  This  group 
occurs  in  rocks  that  represent  part  of  the  White  Limestone  of 
Denbighshire,  but  which  liave  altered  greatly  in  character. 

Whilst  the  general  dip  of  the  Carboniferous  Limestone  is  east- 
ward the  rock  is  thrown  into  shallow  undulations  with  a  general 
N.E.  trend.  Passing  southward  we  find  a  dip  of  15°  towards  the 
E.  at  Whitehaven  Quarry,  changing  to  one  of  about  5°  towards  the 
N.  or  N.N.W.  along  the  line  of  the  Porthywaen  gap.  South  of 
this  district  the  synclinal  structure  is  followed  bv  an  anticline  and 
the  dip  swings  round  to  the  east  once  more.  Farther  south,  the 
end  of  ]jlanymynech  Hill  forms  another  shallow  syncline  with 
the  same  axial  trend  and  north-eastward  pitch.  Locally  the  dip 
becomes  steeper. 

The  limestone  has  been  dolomitized  in  an  extremely  patchy 
manner.  In  some  places  it  occurs  in  regular  massive  beds  up  to 
6  ft.  in  thickness,  in  other  places  the  beds  wedge  out  laterally,  the 
line  of  alteration  cutting  obliquely  across  the  limestone.  In 
other  places  again  the  alteration  is  confined  to  a  definite  bed  of 
lenticular  shape,  or  to  the  neighbourhood  of  an  up-aitd-down 
joint.  Occasionally  a  mass  ends  abruptly  at  a  joint.  In  one 
lenticular  bed  at  Llanymynech  the  thinnest  part  is  limestone,  the 
thickest  dolomite.  Sometimes  the  dolomite  ends  oft'  in  thin 
stringers  and  veins  which  jienetrate  the  adjacent  limestone.  Both 
limestone  and  dolomite  are  well-jointed. 

Tlu!  following  section,  furnished  by  Mr.  E.  D.  Nicholson, 
illustrates  the  mode  of  occurrence  at  a  point  where  the  dolomite 
has  a  regular  development. 

Section  in  Hunt's  Quarry,  Porthvwaen  :  — 

Yt.  In. 
Top  whito  (limestone)  ...         ...         ...         ...         ...  22     0 

Blue  (limes' oiu)        ...  ...  ...  ...  ...  ...  7     G 

Ri-d  del ph  (shale)     ...         '. 1     C 

Stinker  (dolomite) 2     (• 

Forty-Tneh  (dolomite)  pSVhltehaven,  No.  1]         ...  ...  4     0 

Red  (dolomit'^)  [LTppor  Gullet,  No.  2]       GO 

lUig^eroo  (dolomite)  [Upper  Gullet,  No.  3]         ...         ...  7     f. 

"Bastard  '  flummery  '  [poreellaneous  limestone]  ...  ...  3     G 

The  dolomite  is  often  of  crystalline  texture  and  usually  of  a 
pale  lioney-brown  tint,  but  sometimes  stained  bv  iron.  Weather- 
ing causes  the  ])arts  near  the  surface  to  break  up  into  rather  small 

1  '  Summary  of  Progress  for  1915  '  (^Mevt.  Oeol.  Surv.'),  1916,  pp.  6-7. 
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rectangular  fragmeuts,  wliicli  are  discarded  because  fine  powder 
is  iuclined  to  "  gob  up  '  the  furnaces.  Tlie  least  -weatliered,  most 
compact  and  hardest  rock  makes  the  best  refractoiy  material. 

Analyses  show  a  considerable  amount  of  variation,  but  in  most 
cases  the  percentage  of  insoluble  material  (SiOj,  etc.)  is  below  2 
j^er  cent.,  which  is  almost  the  maximum  perm.issible  for  basic 
material. 

The  rock  is  worked  in  benches  and  compressed-air  drills  are 
emploj'ed.  Workmen  break  the  rock  into  suitably-sized  lumps, 
rejecting  weathered,  shaly  or  ironstained  portions,  and  mixed 
dolomite  and  limestone.  It  is  loaded  into  trucks  and  carried  by 
locomotive  or  endless  rope  to  the  works,  on  rails  of  several  gauges 
which  extend  for  8  or  9  miles  in  all ;  it  is  then  broken  into  pieces 
that  will  go  through  a  3-in.  screen,  and  calcined  in  cupolas. 

Minor  faults  are  no  obstacle,  since  both  limestone  and  dolomite 
are  quarried  in  normal  times.  During  the  war,  however,  only 
dolomite  is  sought.  The  quarries  lie  well  above  saturation  level. 
Shale  gave  rise  to  trouble  at  the  Llan3-mynech  quarries,  and  has 
been  responsible  for  a  big  land-slide  in  Whitehaven  quarrj-.  As 
a  rule  there  is  very  little  cover,  consisting  of  Welsh  Drift,  which 
is  thickest  at  Llauymynech.  Large  areas  are  scrubbed  bare  by 
glacial  action. 

Description  of  rock. 

1174:1.  '  Forty- Inch  Bed.'  Moderately  coarse-grained,  variously  stained  pink  and 
brown.  The  rock  is  an  aggregate  of  mutually  interfering  dolomite-crystals  ranging 
up  to  1  mm.,  with  practically  no  interstitial  matter  and  no  impurity  other  than  that 
due  to  staining. 

11742.  'Stinker.'  Buff,  fine-grained,  iron-stained,  more  or  less  completely 
dolomitised,  foraminiferal  limestone.  Traces  of  the  foraminifera  can  still  be  detected. 
The  rock  consists  of  a  fine  mosaic  of  dolomite  veined  with  calcite.  The  dolomite- 
crystals  average  0'03  to  0'05  mm. 

11743.  'Red  Bed.'  Pale  buff,  coarse-grained  and  red-spotted  dolomite.  Closely 
packed  aggregate  of  dolomite  crystals,  0"  4  to  0'  5  mm.  in  diameter.  There  is  a  small 
amount  of  ferruginous  impurity,  and  occasional  small  patches  of  calcite  filling 
cavities.    ' 

11744.  '  Buggeroo.'  Coarse-grained,  buff  and  red-.stained,  dolomitic  limestone. 
Occasional  cavities  are  met  with,  lined  with  perfect  crystals  of  dolomite.  The  main 
mass  of  the  rock  is  composed  of  closely  fitting  dolomite  crystals  with  no  interstitial 
calcite,  but  locally  calcite  forms  an  abundant  matrix  in  which  are  scattered,  and  into 
which  project,  perfect  crystals  of  dolomite.  The  dolomite  appears  to  be  slightly 
ferriferous,  for  many  of  the  weathered  crystals  have  a  limonitic  skin.  The  average 
size  of  the  grain  is  about  0' 5  mm.,  but  some  of  the  crystals  reach  larger  dimensions. 

Reserves :  It  is  estimated  that  in  the  property  on  the  north  side 
of  the  Tanat  Valley  Railway  there  is  over  3,000,000  tons  of  dolo- 
mite available;  whilst  in  the  whole  of  the  property-,  both  north 
and  south  of  the  railway,  the  total  available  is  near  10,000,000 
tons. 

North  of  the  railway  several  old  quarries  from  which  limestone 
has  been  extracted  in  the  past  furnish  good  faces  of  dolomite 
ready  to  be  worked;  e.g.,  in  the  west  face  of  Chalk  Hill  Quarry 
there  is  128  ft.  of  dolomite,  the  Stinker  group  of  beds  being  at 
the  top. 

No  work  is  done  at  present  south  of  the  railway  owing  to  lack 
of  labour.  The  entire  face  of  Blodwell  Rock  is  dolomite,  and 
large  quantities  occur  in  the  old  Roman  copper-workings,  and 
Pant  Quarries  on  Llanymynech  Hill.    There  is  less  in  the  large 
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quarries  at  the  south  end  of  the  hill,  but  it  occurs  again  in  force 
on  the  south-eastern  slope  near  the  Cambrian  Kailwav,  south  of 
Pant. 

Froducts :  Calcined  dolomite  for  steel-furnaces,  and  in  normal 
times  limestone  for  fluxing. 

Output:  In  1916  (August)  the  output  was  at  the  rate  of  30,000 
tons  of  calcined  dolomite  per  annum.  'J'wo  new  engines,  driven 
I'^spectively  by  steam  and  suction-gas,  were  being  installed  to 
increase  ethciency  and  output.  The  present  plant  is  steam  driven 
and  the  blowers  are  operated  by  the  same  Dower.  The  com- 
2)ressed-air  plant  for  the  drills  is  independent.  A  new  cupola  is 
being  built  and  rotating  screens  set  up.  Given  labour,  the  out- 
])ut  of  raw  material  couhl  quickly  be  doulded  or  trebled,  but  the 
calcining  plant  would  have  to  be  increased. 

Market :  Steel-works  in  North  Wales,  South  Wales,  Stafford- 
shire and  Lancashire*. 

Transport :  The  calcined  dolomite  is  loaded  on  trucks  at  the 
works,  which  are  connected  by  a  short  line  with  the  Cambrian 
(Tanat   Valley)  Kailway  at  Porthywaen  Station. 


(JLOUCESTERSHIRE. 
Forest  of  Deax. 

The  Carboniferous  Limestone  that  fringes  the  Forest  of  Dean 
Coalfield  has  long  been  known  to  be  in  places  dolomitic ;  and  if 
iJiis  dolomitic  rock  should  prove  to  be  sufficiently  rich  in  magnes- 
ium carbonate  and  low  enough  in  silica  the  district  would  form 
a  valuable  addition  to  the  sources  of  dolomite  available  for  the 
basic  lining  of  steel-furnaces. 

Samples  were  collected  at  various  points  on  the  outcrop.  On 
the  eastern  side  of  the  district,  near  Newnham,  Mitcheldean,  and 
Drybrook,  tlie  limestone  was  found  to  be  markedly  dolomitic;  cm 
the  western  side,  near  Coleford,  and  again  farther  south,  near 
Chepstow,  dolomite,  though  present,  is  less  frequently  seen.  But 
until  the  analyses  of  the  specimens  are  com})leted,  it  is  not  certain 
that  any  of  the  rock  can  be  utilised  as  a  source  of  '  basic  lime.' 

At  Mitcheldean^  the  Limestone  Series  presents  the  following 
section  in  descending  order:  — 

Ft. 
/    Whito    Limestone. — White    poi^elianeoii.s 
and  .sandy     limestone.s   and  clay^,  with 
Main  )        .som(^  doh)inite       ...  ...         ...         ...  20-5<) 

Limestone.         \     Crinoidal  and  oolitic  limestones,  overlying 
red,    yellow    and    gre^'    dolomites,    and 
do|f)mitic  limestones         ...  ...         ...  320 

Lower  Limestone  Shnlen. — Shale  and  limestones  ...  ...  180 

Total    ...  520-5.50 

The  distril)u(i(»n  and  intensity  of  the  dolomilization  appear  to 
be  irregular  and  variable,  and  the  presence  of  fine  quartz  sand 
and  occasional  bands  of  calcareous  grit  in  the  JkVhitclu'ad  Lime- 
stone is  an  inaus])ici()us  feature.     An  analysis   made  by  Mr.   E. 

1  T.  F.  Sibly,  Geol.  Mag.,  1912,  p.  417. 
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Wethered^  of  a  sample  from  the  middle  of  tlie  doloniitic  lime- 
stones showed  106  pei  cent,  of  insoluble  residue  aud  37"  19  per 
cent,  of  magnesium  carbonate.  An  analysis  of  the  Whitehead 
Limestone  gave  2'95  i>er  cent,  of  sand  and  only  '84  per  cent,  of 
magnesium  carbonate. 

Two  experiments  have  been  made  to  produce  '  basic  lime  '  from 
the  Carljoniferous  Limestone  of  the  Forest  of  Dean.  In  one  case, 
at  a  quarry  near  iiuspidge,  south  of  Cinderford,  on  the  eastern 
outcrop,  the  j^roduct  of  one  bed  was  found  by  the  steel-makers  to 
be  satisfactory.  A  large  series  of  samples  of  the  raw  stone  from 
all  parts  of  the  quarry  was  then  analysed,  but  it  was  found  that 
neither  the  silica  nor  the  magnesia  remained  constant  throughout. 
These  constituents  were  shown,  in  fact,  to  be  distributed  so 
irregularly  that  no  selective  quarrying  was  practicable,  and  the 
production  of  'basic  lime'  was  therefore  abandoned.  The  per- 
centage of  insoluble  matter  varied  from  0"8  tp  14'8. 

In  the  other  case,  at  the  South  Wales  Portland  Cement  Co.'s 
works  at  Mitcheldean,  burnt  dolomite  was  made  as  a  trial,  from 
the  more  dolomitic  beds  of  the  Main  Limestone,  but  owing  to  the 
employment  of  an  unsuitable  type  of  kiln,  the  results  were  not 
successful. 

At  the  present  time  no  burnt  dolomite  is  made  in  the  Forest  of 
Dean  district. 


The  South  Wales  Portland  Cement  and  Lime  Co.,  Ltd. 

Severn  Works,  Mich  eld  ean. 

Quarries :  On  north  and  south  sides  of  tbe  Mitcheldean  road,  a 
mile  north-east  of  Dry  brook,  and  3  furlongs  west  of  Mitcheldean. 

Maps:  One-inch  New  Ser.  Ordnance  233;  Old  Ser.  Geological 
43  S.E.;  six-inch  Gloucestershire  23  S.E. 

Latitude  51°  51'  45".     Longitude  2°  29'  47". 
Geological  age :  Carboniferous  Limestone. 

The  non-dolomite  beds  have  been  worked  hitherto  for  Portland 
cement. 

The  Whitehead  Limestone  has  been  quarried  in  a  wood  to  the 
north-west  of  the  works;  the  Lower  Limestone  Shales  have  been 
worked  on  the  south  side  of  the  Mitcheldean  road,  opposite  the 
works.     The  beds  dip  W.  20°  S.  at  45°  in  places. 

Description  of  rode. — 1174.5.  Red  Stone  Quarry,  Mitcheldean.  Fine-grained 
compact,  buff  red-stained  dolomite,  composed  entirely  of  small  imperfectly  formed 
and  mutually  interfering  rhombs  of  dolomite  (0-03  to  O-ns  mm.).  There  are 
occasional  thin  veins  of  calcite,  but  the  rock  is  generally  speaking  free  from  impurity 
other  than  that  due  to  staining. 

Reserves:  There  are  large  reserves  of  all  the  limestones  under 
higher  ground  in  tlie  direction  of  dip,  and  also  along  the  strike 
toward  N.  20°  AV.  It  remains  to  be  proved  whether  the  dolomitic 
beds,  especially  what  is  known  as  the  Red  Limestone,  are  suitable 


'  Geol.  Mag.,  1886,  p.  529. 
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to  produce  basic  lime  or  burnt  dolomite  iov  steel-heartli-^. 
Analyses  supj)lied  by  the  Company  indicate  that  the  magnesia 
and  silica  percientages  are  satisfactory. 

Transport:   By  road  to  Aiitcheldean  Koad    Station  (G.W.K., 
Grange  Court  and  Hereford  Branch). 


SOUTH   WALES   AND    MONMOUTHSHIRE. 

The  Carboniferous  Limestone  surrounding  the  South  Wales 
Coalfield  contains  in  certain  parts  of  the  outcrop  a  notable  pro- 
portion of  dolomite,  and  reference  to  the  occurrence  of  this 
mineral  will  be  found  in  the  Geological  Survey  memoirs. 

Dolomite  is  especially  prevalent  along  the  south-eastern  part 
of  the  outcrop,  between  the  Taff  Valley  near  Cardiff,  in  Glamorgan, 
and  Pontypool  in  Monmouthshire.  At  Talf's  Well  in  the  Taft' 
Valley  the  lower  half  of  the  Main  Limestone — 300  or  400  ft. 
thick — is  dolomitic,  one  sample  ^  yielding  31  per  cent,  of  MgCOj. 
At  Machen  almost  the  whole  of  the  limestone  exposed  is  dolo- 
mitized,  while  at  llisca,^  where  the  Limestone  Series  consists  of 
Lower  Limestone  Shales,  125  ft.  thick,  and  Main  Limestone, 
675  ft.  thick,  the  latter  is  composed  almost  wholly  of  dolomite, 
some  of  which  has  proved  en  analysis  to  be  suitable  for  '  basic  ' 
refractory  material. 

On  the  north-eastern  edge  of  the  coalfield,  although  dolomite 
appears  to  be  present  here  and  there,  a  dolomitized  oolite  at 
Clydach^  in  Brecknock,  near  Abergavenny,  offers  the  best  pro- 
spect yet  met  with  in  South  Wales  of  yielding  burnt  dolomite. 
The  rock  is  remarkably  rich  and  pure,  one  specimen  yielding  30'04 
per  cent,  of  MgCOg  and  '1  per  cent,  of  insoluble  residue;  another 
giving  20'56  per  cent,  of  MgO  (equal  to  42*97  of  MgCOg)  and  1"1 
per  cent,  of  insoluble  residue.  This  latter  specimen  falls  little 
short  of  the  45"65  per  cent,  of  MgCOg  contained  in  a  pure  dolo- 
mite. In  none  of  six  samples  analysed  did  the  insoluble  residue 
exceed  1*2  per  cent.  Near  Pontsticill  the  Abercriban* Quarries 
Co.  have  demonstrated  the  presence  of  good  compact  dolomite  in 
the  limestone  outcrop  adjacent  to  their  stone  quarries.     See   p. 

The  northern  outcrop  of  the  limestone,  which  runs  westward 
from  near  Abergavenny  past  Merthyr  Tydfil  in  Glamorgan  to 
Kidwelly  in  Carnmrihensliire,  contains  so  little  dnloniite  that  it 
need  not  be  further  considered.  In  Pembrokeshire,  the  northern 
outcrop  is  locally  dolomitized,  e.g.,  near  Minwear  and  Slebech, 
but  these  occurrences  are  restricted  and  the  localities  are  not 
situated  conveniently  for  commercial  exploitation. 

Returning  eastward  along  the  southern  side  of  the  coalfield, 
we  find  that  dolomites  forming  one  of  the  sub-divisions  of  the 
Main  Limestone  known  as  the  Laminosa  dolomites  are  present  at 

1  'The  Country  around  Newport,  Men.'  (Mem.  Oenl.  Surv),  ed.  2,  1900,  p.  lOS. 

2  F.  Dixcy  and  T.  F.  Sibly,  in  Al>stracts  of  Proc.  Oeol.  Soc.,  .5th  April,  1917. 

3  'The  Country  around  Alxrgavcnnv  '  {Mem.  Oeol.  Surv.),  19(X),  pp.  .32-?fi 
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several  places  near  Pembroke  Dock.^  These  localities  are  close  to 
means  of  transport  by  rail  and  coasting-vessels.  Other  dolomites 
occur  in  the  cliffs  of  Linney  Head,  south-west  of  Pembroke,  but 
these  are  practically  inaccessible. 

In  the  Gower  peninsula,  ^  dolomitization  is  wide-spread,  and  is 
noticeable  on  the  shore  near  Port  Eynon  and  in  the  promontory 
extending  westward  from  Rhossili  to  Worm.'s  Head,  where  the 
Laminosa  dolomites  are  about  140 — 200  ft.  thick.  Some  of  these 
dolomites  contain  20  per  cent,  of  MgO. 

Dolomite  has  been  noticed  at  Cheriton  also,  in  the  north-west 
angle  of  the  peninsula.  Nearer  Swansea,  dolomite  is  present  in 
considerable  abundance  in  the  cliffs  between  Pwlldu  and  the 
Mumbles  Head,  and  it  is  probably  no  less  prevalent  inland.  The 
Laminosa  dolomites  are  exposed  in  Langland  and  Caswell  Bays. 
At  present,  however,  transjDort  facilities  are  lacking,  especially 
in  the  western  part  of  the  peninsula. 

In  the  Bridgend  and  Cowbridge  district^  little  dolomite  has 
been  met  with,  but  as  the  limestone  outcrop  approaches  the  Taff 
Valley  dolomite  rapidly  increases  till,  at  Taif's  Well,  it  becomes 
prevalent  in  the  lower  part  of  the  Main  Limestone,  as  already 
mentioned. 

From  this  brief  survey  it  appears  that  with  the  exception  of  the 
occurrence  at  Clydach  near  Abergavenny,  it  is  in  the  south-eastern 
district,  near  Newport  and  Cardiff,  and  in  the  Gower  peninsula 
near  Swansea,  that  dolomite  is  most  abundant  and  most  accessible 
to  the  South  Wales  steel-works.  But  an  extensive  series  of 
analy&es  would  be  necessary  to  ascertain  whether  the  dolomite  h 
likely  to  be  commercially  useful.  Most  of  the  dolomitic  rock 
varies  both  vertically  and  horizontalh^  in  the  degrees  to  which 
magnesium  carbonate  takes  the  place  of  calcium  carbonate,  and 
a  richly  dolomitic  variety  may  pass  laterally  in  a  few  yards  into 
a  comparatively  non-magnesian  rock.  The  Laminosa  dolomites  are 
probably  the  least  liable  to  such  variation.  Still  the  difference 
between  a  dolomite  and  an  ordinary  limestone  is  one  that  would 
readily  be  grasped  by  the  quarryman,  who  would  soon  learn  to 
select  the  stone  suitable  for  his  purpose.  The  presence  of  silica, 
however,  either  as  fine  sand  or  as  small  particles  invisible  to  the 
naked  eye,  would  present  far  greater  difficulties.  In  practice  2 
per  cent,  of  silica  in  the  raw  stone  is  considered  detrimental. 

Analyses  of  dolomitic  limestone  from  one  of  the  Forest  of  Dean 
quarries  show  that  the  percentage  of  silica  varies  greatly  in  the 
same  bed  of  rock,  and  that  a  bed  which  is  practically  free  from 
silica  in  one  part  of  the  quarry  may  contain  much  more  than  2 
per  cent,  a  few  yards  away.  As  such  a  fatal  increase  would  be 
impossible  of  detection  by  the  naked  eye,  selective  quarrying 
would  appear  to  be  impracticable. 

1  'The  Country  around  Haverfordwest  '  {Mem.  Geol.  Surv.),  1914,  chap.  xi. 

'-  'West  Gower  and  the  Country  around  Pembrey  '  {Mem.  Oeol.  Surv.),  1907,  and 
'  Tae  Country  around  Swansea,'  ib.  Sse  also  E.  E.  L.  Dixon  and  A.  Vaughan,  Quart. 
Journ.  Geol.  Soc,  Ixvli,  1911,  p.  477. 

3  'The  Couitry  around  B.idgend  '  {Mem.  Oeol.  Suru.),  1904. 
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BRECKNOCKSHIRE. 

Clydach  and  Abeegavenny  Lime  and  Stone  Co.,  Ltd. 

Clydach,  near  Abergavenny. 

Llanelly  and  Clydach  Quarries. 

Quarries :  (1)  Llanelly  Quarry,  beside  the  London  and  North 
AVestern  Kailway,  west  of  the  tunnel  at  Clj^dach  Station,  4  miles 
west  of  Abergavenny.  (2)  Clydach  Quarries,  north  and  north- 
east of  Clydach   Station, 

Maps :  One-inch  New  Ser.  Ordnance  and  Geological  232.  (1) 
Six-inch  Brecknock,  47  N.E.  (2)  Brecknock,  48  N.W. 

(1)  Latitude  51°  48'  20".     Longitude  3°  T'  15". 

(2)  Latitude  51°  48'  30".     Longitude  3°  6'  40". 

Geological  age  :  Carboniferous  Limestone. 

At  the  Llanelly  Quarry  a  bed  of  white  oolitic  limestone,  about 
35  ft.  thick,  passes  in  an  eastward  direction  into  dolomite,  which 
is  well-displayed  along  an  old  tram-line  between  the  quarry  and 
the  tunnel.  The  dolomitized  part  of  the  outcrop  lies  between 
the  Blaenavou  Fault  on  the  west  and  the  Twyn-y-dinas  Fault  on 
the  east,  and  is  about  250  yards  in  length. 

At  the  Clydach  Quarry  the  same  bed  of  oolitic  limestone,  about 
27  ft.  thick,  passes  laterally  southward  into  dolomite,  and  main- 
tains this  character  for  about  150  yards  along  the  outcrop,  from 
what  is  known  as  the  Cwm  Quarry  as  far  as  Cwm-Dyar. 

Reserves :  At  eacli  locality  there  is  a  considerable  quantity  of 
dolomito  visible  at  the  outcrop.  None  of  this  has  yet  been 
worked,  as  hitherto  the  ordinary  limestones  that  overlie  the  dolo- 
mite have  alone  been  quarried  for  flux  and  burnt  for  lime. 

At  the  Llanelly  Quarry  the  dolomite  between  the  two  faults 
probably  extends  southward  with  the  dip  under  the  overlying 
ordinary  limestones. 

At  the  Clydach  Quarries  it  may  be  expected  similarly  to  extend 
underground  in  the  direction  of  dip  (S,  10°  E,  at  15°)  along  the 
eastern  side  of  the  Cwm-Dyar  F^ult. 

Description  of  rockn. 

\lloi.  Llanolly  Quarry.  Moderatoly  coarae-grained,  i^rey-biiff  saccharoidal 
dolomite.  A  raws  of  interlocking  dolomite-crystals  which  are  of  all  dimensions  up 
to  1  mm. 

117.55.  Simc  Loc.  Coarsely  crystalline  grey  dolomite,  veined  with  calcite,  and  with 
a  amill  am  mnt  of  calcite  in  patches  and  interstices.  The  bulk  of  the  rock  is  a  ma.ss  of 
dolomite-crystals  that  reach  0"  5  mm.  in  diameter. 

11757.  Cwm  Qniriy,  Clydvch.  Coirso,  saccharoidal,  pale-grey  dolomite.  Con- 
sists of  a  miss  of  interlocking  dolomite  cr^'stals  averaging  about  1  mm.  in  diameter. 

1175S.  Simi  Loo.  Moderately  coarse,  |)vlo-grey-buff  dolomite  with  geodal  cavities 
lined  with  pjrfeot  crystals  of  dolomite.  ToxturaUy,  the  rock  is  not  so  coarse  as  the 
above,  but  otherwise  is  similar. 

Transport:  The  quarries  are  adjacent  to  the  London  and  North 
Western  Railway  near  Clydach  Station. 
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GLAMORGAN. 

Mr.  John  Thomas. 

Tongwynlais,  near  Cardiff. 

Castell-coch  Quarry,    Tongwynlais. 

Quarry:  On  eastern  side  of  the  Taft'  Valley,  |  mile  S.E.  i>i 
Tafli's  Well  Station  (Taff  Vale  Railway),  5  miles  N.W.  of  Cardifi. 

Ma-ps :  One-incli  New  Ser.  Ordnance  and  Geological  249 ;  six- 
inch  Glamorgan  36  S.E.  and  37  S.W. 

Latitude  51°  32'  ]2".     Longitude  3°  15'  25". 

Geological  age  :  Carboniferous  Limestone. 

The  quarry-face,  which  is  of  great  length,  vertical,  and  a 
100  ft.  or  more  in  height,  shows  a  fine  section  of  the  lower  part 
of  the  Main  Limestone,  the  rock  consisting  of  dark  greyish-blue 
thin-bedded  limestone.  Much  of  the  rock  is  dolomitic,  but  it  is 
worked  only  for  roadstone,  ballast  and  concrete. 

Description  of  rock. — 117.59.  Castell-cdch  Quarry.  Taff's  WcU.  Haematite-stained, 
dark-grey,  more  or  less  completely  dolomitised  organic  limestone.  The  rock  consists 
mainly  of  a  fine  aggregate  of  dolonxite-grains,  but  the  organic  remains  which  were 
originally  preserved  in  calcite  are  now  represented  by  dolomite  of  coarser  texture 
than  the  rest  of  the  rock.  Iron  oxide  and  some  carbonate  appear  to  be  the  only 
impurities. 

Reserves :  Of  limestone  are  large ;  but  what  proportion  (if  any) 
is  suitable  for  burnt  dolomite  for  basic  steel-hearths  remains  to 
be  proved. 

Transport :  The  Taff  Vale,  Cardiff,  and  Barry  Railways  pass 
within  a  short  distance  of  the  quarry. 


MONMOUTSHIHRE. 

Machen  Stone  &  Lime  Co.,  Ltd. 

Machen,  Newport  {Man.). 

Quarry :  Machen  Quarry,  on  north-eastern  side  of  the  Brecon 
and  Merthyr  Railway,  \  mile  N.W.  of  Machen  Church,  5  miles 
west  of  Newport. 

Maps:  One-inch  New  Ser.  Ordnance  and  Geological  249;  six- 
inch  Monmouthshire  27  S.E. 

Latitude  51°  35'  27".     Longitude  3°  7'  26". 

Geological  age :  Carboniferous  Limestone. 

The  beds  exposed  in  the  large  quarry  working  in  October,  1916, 
belong  to  the  lower  part  of  tbe  Main  Limestone,  and  dip  N.W. 
at  25°.  Most  of  them  consist  of  dark  bluish-grey  hard  limestone; 
the  lowest,  which  pass  downward  into  the  Lower  Limestone 
Shales,  are  impure  and  siliceous  and  are  not  worked.  The  rock 
is  quarried  for  roadstone,  ballast  and  concrete;  but,  as  all  the 
beds  appear  to  be  dolomitic,  a  series  of  samples  was  collected  with 
a  view  to  ascertaining  whether  any  of  the  stone  is  suitable  for  the 
preparation  of  burnt   dolomite.     The  samples   were  taken  from 
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seven  different  beds  in  ascending  order  at  the  nortli-eastern  end 
of  the  quarry,  and  fairly  represent  the  whole  of  the  strata 
exposed. 

A  disused  quarry  in  higher  but  similar  beds  immediately  to 
the  north-west  of  the  working-quarry  was  also  sampled  at  three 
horizons  in  ascending  order. 

Description  of  rocks. 

117<i'}.  Working  Quarry.  No.  2.  Grey-brown,  line-graincd  dolomite  with  narrow 
streaks  of  paler  colour.  Fine-grained  aggregate  of  dolomite-rhombs  (0"0,3  mm.)  with 
abundant  clastic  quartz-grains  of  similar  dimensions.  There  is  a  fair  amount  of 
infiltrated  ferruginous  mattrr  but  practically  no  visible  pyrites. 

11764.  Same  Loc.     No.  3.     Impure  dolomite  similar  to  the  above. 

117(55.  Same  Lor.  No.  4,  at  top.  Brownish-grey,  finely  crystalline  dolomite  veined 
with  calcite  and  stained  with  haematite.  The  bulk  of  the  rock  consists  of  closely- 
packed  dolomite-rhombs  (0075  mm.)  with  little  impurity  othf-r  than  infiltrated 
f (  rruginoua  matter.  Thi'  veins  are  lined  with  larger  dolomite  crystals  and  their  central 
portions  filled  with  calcite. 

11766.  Same  Loc.  No.  4,  at  bottom.  Grey-brown,  haematite-stained,  finely  crystal- 
line dolomite,  with  occasional  thin  veins  of  caleite.  The  rock  appears  to  be  a 
completely  dolomitised  ooUtic  limestone.  The  amount  of  detrital  silica  present  is 
exceedingly  small.     The  grain  averages  about  0'075  to  0"1  mm. 

117G7.  Same  Loc.  No.  5.  Fine-grained,  compact,  crystalline,  pinkish-grey  dolo- 
mite.  Composed  mainly  of  small  rhombs  and  grains  of  dolomite,  about  0.05  mm. 
with  a  small  proportion  of  interstitial  calcite  developed  locally. 

11768.  Same  Loc.  No.  6.  Compact,  fine-grained,  brownish-grey  dolomite.  The 
texture  is  somewhat  variable,  the  size  of  the  dolomite-crystals  changing  locally  from 
0*03  to  0*15  mm.  Little  impurity,  other  than  iron  and  possibly  some  carbonaceous 
matter. 

11769.  Same  Loc.  No.  7.  Grey,  haematite-and  ochre-sbained  fine-grained  dolomite 
consisting  of  an  aggregate  of  dolomite-crvstals,  often  well-formed  and  varying  in  size 
from  0  03  to  0-2  mm. 

11761.  Mac  hen  disused  quarry.  No.  1.  Pinkish-brown,  pink-spotted  dolomite. 
Somewhat  variabl*;  in  texture  but  mainly  consisting  of  small  granular  crystals  of 
dolomite  of  about  0'05  mm.  Small  patches  with  larger  crystals  occur  throughout. 
There  is  a  certain  amount  of  infiltrated  ferruginous  material. 

11762.  Disused  quarry.  No.  2.  Dark-grey,  very  fine-grained,  finely  crj-stalline,  impure 
dolomite.  The  colour  appears  to  be  due  to  carbonaceous  shaly  matter  and  finely  divided 
pyrites.  The  rock  consists  of  minute,  moderately  well -formed  rhombs  of  dolomit*  with  a 
considerable  admixture  of  quartz  in  grains  of  similar  dimensions.  Miea  is  also  iipre- 
sented.  The  interstices  between  grains  are  occupied  by  argillaceous  material,  iron 
oxides,  pjTJtes  and  carbonaceous  matter. 

Reserves:  Of  limestone  are  ample  to  the  north-east,  along  the 
strike. 

Transport:  The  quarry  adjoins  a  siding  of  the  Brecon  and 
Merthyr  Itailway  between  Church  lioad  and  Machen  Stations. 

SouTHWooD  Jones  &  Co.,  Ltd. 

Danygraig  Works,  Risca. 

Craig  Quarry,  Eisca. 

Quarry :  Graig  Quarry,  on  south-west  side  of  the  Ebbw  Valley 
at  Danygraig,  ilisca,  5  miles  N.W.  of  Newport. 

Maps:  One-inch  New  Si'i.  Ordnance  and  Geological  249;  six- 
inch  Monmouthshire  28  S.W. 

Latitude  51°  36'  37".     Longitude  3°  G'  20". 

Geological  aye :  Carboniferous  Limestone. 
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The  quarry  shows  a  vertical  face  of  about  200  ft.  of  dark 
greyish-blue  limestone,  apparently  belonging  to  the  lower  beds  of 
the  Main  Limestone.  The  quarry  is  worked  mainly  for  basic 
flux  for  use  in  blast-furnaces,  and  a  small  quantity  is  sold  for 
roadstone  and  concreting.  It  is  probable  that  some  of  the  stone 
would  prove  suitable  for  burnt  dolomite. 

Reserves :  Of  limestone  are  large  in  a  south-westward  direction 
along  the  strike.  The  proportion  of  stone  suitable  for  burnt 
dolomite  cannot  yet  be  estimated. 

Description  of  rock. — 1176U.  Graig  Quarry,  Risca.  Dark-grey,  fine-grained,  moder- 
ately compact,  comi^letcly  dolomitised  organic  Jimestone.  The  texture  is  variable, 
and  as  in  the  case  of  11759,  the  organic  remains  are  for  the  most  part  replaced  by 
dolomite  of  coar'-.er  texture  than  the  rest  of  the  rock.  The  grain  varies  from  O'Oo 
to  O'l  mm. 

Transport :  A  private  siding  connects  the  quarry  with  the 
Sirhowy  branch  of  the  L.  &,  N.W.  E-ailway  between  Kisca  and 
Nine  Mile  Point. 

SCOTLAND. 

The  dolomite  used  in  basic  steel  processes  in  Scotland  for  lining 
Bessemer  converters  and  open-hearth  furnaces  is  obtained  from 
the  Magnesian  Limestone  of  England.  Scottish  dolomites  have 
practically  not  yet  been  drawn  upon,  though  a  trial  has  been  made 
of  a  dolomite  now  being  opened  up  in  Duror  of  Appin,  West 
Argyllshire. 

There  are  considerable  areas  of  dolomite  of  Cambrian  age  at 
Durness  in  North  Sutherland,  Kishom,  West  E-oss,  and  near 
Broadford  in  Skye,  but  from  the  evidence  at  present  available 
the  rock  in  these  localities  does  not  appear  to  be  equal  in  quality 
to  the  Duror  dolomite,  while  the  distance  and  difficulty  of  car- 
riage from  these  remote  regions  seems  likely  to  prove  prohibitive. 


AEGYLLSHIRE. 

Duror.  * 

Maps :  One-inch  Ordnance  and  Geological  Sheet  53 ;  six-inch 
Argyll  43  S.E.     Latitude  56°  37'  39".    Longitude  5°  18'  2". 

A  band  of  dolomite  or  dolomitic  limestone  lies  between  the 
phyllites  and  the  quartzite  of  the  Lochaber  Series  of  Metamorphic 
rocks  along  the  eastern  coast  of  Loch  Linnhe,  and  runs  S.W. 
from  Achara  House,  Duror,  to  Port  Appin. 

A  quarry  is  now  (1916)  being  opened  in  this  band  under  the 
superintendence  of  Mr.  A.  Maccoll,  Ballachulish,  at  a  point  700 
yards  E.N.E.  of  Dalnatrat  Bridge,  and  within  1  mile  of  Duror 
Station  on  the  Oban  and  Ballachulish  Railway. 

The  dolomite  has  been  exposed  by  trenching  for  a  distance  of 
about  200  yards  along  the  hillside,  where  it  is  covered  by  3  to  6  ft. : 
of  boulder  clay.  The  dip  of  the  underlying  phyllite  is  to  S.E.  at 
20°  to  30° ;  the  thickness  of  the  belt  at  this  point  must  be  at  least 
100  ft.,  and  probably  a  good  deal  exceeds  that  estimate,  the 
junction  of  the  limestone  with  the  phyllite  below  and  quartzite 
above  being  concealed  by  drift.        The  rock  in  the  quarry  is  a 
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massive,  white  dolomite  with  an  uneven  upper  surface.  As  the 
belt  is  followed  southwards  across  the  Salachan  Burn  towards 
Appin  House,  it  becomes  less  dolomitic  and  contains  thin  inter- 
calations of  phyllite.  Northwards  from  the  quarry  to  Achara 
it  is  exposed  in  several  places,  forming  rock  kliolls,  where  it  is  a 
good  white  dolomite,  but  contains  an  increasing  number  of  thin 
veins  and  knots  of  white  quartz :  those  would  produce  a  too  high 
percentage  of  silica  in  any  large  quantity  of  the  ground  rock. 
Nearer  the  nlluvial  tract  at  Achara  the  rock  is  often  distinctly 
schistose,  with  numerous  quartz  veins.  Opposite  Achara  House 
there  is  a  disused  quarry  in  a  massive  white  limestone  which  is 
not  so  dolomitic  as  the  rock  nearer  Dalnatrat. 

Two  hand  samples  of  the  Duror  dolomite  have  been  analysed 
for  Messrs.  Stewarts  and  Lloyds  Steel  Works,  Mossend,  Holy- 
town.  Both  these  samples  represent  a  material  which  should  give 
quite  a  good  dolomite  after  burning. 

Toward  Point,  Argyllshire. 

May:  One-inch  Ordnance  and  Geological  29. 

A  magnesian  limestone  in  the  Upper  Old  Red  Sandstone  near 
Toward  was  quarried  by  Messrs.  Merry  and  Cunningham  in  1886, 
for  lining  basic  Bessemer  steel  converters.  A  sample,  amounting 
to  20  tons,  taken  from  the  east  bank  of  the  burn  above  Toward 
Taynuilt,  about  1  mile  north  of  Toward  Point,  showed  10"8  per 
cent,  of  siliceous  matter  and  so  could  not  be  used.  It  was  believed 
at  the  time  that  a  purer  stone,  in  bulk,  might  be  got  on  the  west 
side  of  the  burn.^ 

1  Geology  of  Cowal  i^Mem.  Qeol.  Surv.),  1897,  pp.  93.  289. 
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AbeU,   Charles,    Ltd.,  103. 
Abenbury  Silica  Brick  Co.,  116. 
Abercriban,    17t),    187,   188. 

Quarries  Co.,  187,   219. 

Abergavenny,  198,  219,  220. 
Abernant    Dinas    Silica    Brick   and 

Cement  Co.,  136. 
Abington,  166. 
Accrington,  89. 
Achara,   224. 

Acid-resisting  goods,  119. 
Aid  Crag  Quarry,  68. 
Aire  Valley,  32. 
Airidh.  Mheadhonach,    165. 
Alabama,  11. 
Allen,   Arthur,  85. 

N.   B.,  &  Co.,  125. 

Alletson,    Mr.,  118. 

Allt  Broighleachan,   164. 
Alsop-en-le-dale,    171. 

Moor,  169,  171. 

Altami  Brook,  119. 

Alton  Coal,  69,  70,  73,   74,  75,  77, 
78,  79. 

Ganister,   13,   69. 

Alumina,  8. 

Ambergate,  26,  69. 

Amblecote,   102. 

America,    11. 

Ammanford,    134,    189. 

Anglesey,    5,  6,  26,    106,    108,    120, 

121. 
Anston  Quarry,   207. 
Antrim,  flint,  149. 
Appin,  164,    224. 
Aqueduct  Grit,  106,  113,  114. 
Arbor  Low,  172. 
Ardrishaig,    165. 
Arenig  chert,  166. 

Series,  95. 

Argyll  Colliery,   192. 
Argyllshire,  5,  176. 

— dolomite,  224. 

quartzite,  161. 

sand,    192. 

Armadale,  146. 
Armitage  Quarry,  17. 
Arnold,  Joseph,  181,  183. 
Arran,  156,  196. 
Ashby-de-la-Zouch,  213. 
Ashgrove  Loch,  158. 
Astbury,  83. 

Astbury  Silica  Co.,  83. 

Atcham      Rural     District      Council 

Quarry,  97. 
Atlas  and  Etna  Brickworks,   146. 
Auchenheath  Quarry,  147. 


Australia  Quarry,  113,  114. 

Aveline,    W.    T.,  206. 

A.  Y.  I)inas  Silica  Brick  and  Lime 

Co.,   128. 
Ayhope  Beck,  51. 
Aylesbury,  176,  183. 

Sand  Co.,   184. 

Aylesford,   177. 
Ayrshire,  5 ; 

chert,  166 ; 

conglomerate,    161 ; 

sandstone,   158,   160,  196; 

silica  rocks,  165. 


B. 


Bacup,  86. 

Bagshot  Beds,  177. 

Bagslate   Moor,   87. 

Bakewell,  4. 

Bala  Fault,  109,  118,  214. 

Baldwins,  Ltd.,   127,   133,  187. 

Ballachulish,  150,  163,  165. 

Ballantrae,  167. 

BaU-clay,  8. 

Bankfoot  Brickworks,  68. 

Baraboo,  quartzite,  11. 

Barfs    Quarry,    91. 

Silica  Stone  Co.,  Ltd.,  91. 

Barness,  155. 

Barnt  Green,  98,  101. 
Barnton  Quarry,  157. 
Basal    Grit,  13,    123-129,    131,   136, 

139,  189. 
'  Basic,'  198. 
'  Basic  lime,'  218. 
Baslow,  71. 
Bastard  ganister,  3,   10,  15,  27,  36- 

38,  40,  54,  57,  61,  69-73,  80,  114. 
Bawsey  Quarry,  178. 
Bawtry,  5. 

Beacon  Hill  Quarry,  30. 
Bearings,    17. 

Beauchief  Ganister  Co.,  79. 
Bedfordshire,  sand,   176,   180. 
Beely  Wood,  17,  21,  23,  26. 
Beinn  Udlaidh,   165. 
Belgian  Sand,  154,  176,  192,  196. 
BeU  Bank,  211,  212. 

H.   S.,  102. 

M.   L.,    11. 

Belmont  Hall,  82. 
Belper,  76. 
Bennan  Cave,  167. 
Benson  &  Sons,  Ltd.,  37. 
Berkshire,  5. 

Besom  Hill,  87. 

'  Best  White  '  Sand,   99. 
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Better  Bed  Coal,  29. 

Big  Wood  pits,  178. 

Bilberry  Hill,  98. 

Binders  (for  silica-brick),  8. 

Binny   Sandstone  Group,  158. 

Bifkby  Colliery,  90. 

(No.    1  Coal),   91. 

(No.  4  Coal),  90. 

Birkwood  Bum,   152. 
Birmingliam    Corijoration,    99. 
Birtle  Brook,  87. 

Bischof,  C,  11. 

Bishopbriggs,  156. 

Bishop  Middleham  Quarry,   208. 

Bishop's   Castle,   95. 

BLacka   Brook,   72. 

Black  Brook  Valley,  77. 

Blackett's  Allotments,  47,  60. 

Black  Hill,  36,  52,  86. 

Black   Metal  Band  (ganister),  89. 

Black   Mountain,   124,  132. 

■ Sand  pit,  131 ; 

Silica      Co.,       127, 

132,  187. 

Silica     Stone 

Quarries,    132. 
Black  Pencil-ganister,  59,  60. 
Blaenavon  Fault,  221. 
Blaen  Llynfell,  127,    132. 

Pit,  132. 

Blair  County,  11. 
Blakemoor  pit,   172. 
'  Blazer,'   102. 
Blochairn,  176. 

Quarry,   193. 

BlodweU  Rock.  216. 

'  Blue  Silica-rock,'   136. 

'  Blue  stone,'  133. 

Boam,   Joseph,  Ltd.,   178. 

Bollington,  86. 

Bolton,  13,  86. 

Bolt's   Burn,  58. 

Bolt's  Wall  Working,  58,  59. 

Bonahaven,  161,  163. 

Bonnybridge,  140,    142,  145,  169. 

district,  14. 

Silica     and     Fireclay 

Co.,  Ltd.,   142. 

Bonnyhill,  145. 

Bonnyside   Fireclay  Works,    141. 

pit,  141. 

Boon,  William,  &  Sons,  104. 

Borthwick,   157. 

Boslcy  Minn,  80. 

Boswcdl,  Prof.   P.   G.  H.,   177,  190. 

Botting-clay,    13. 

Bottom  Firei-lay,   141,   142. 

ganister,  141. 

'  Bottom    hard  '  dolomite,    203. 
Bottom  Heathen  Coal,  102. 

R.  &  E.,  174. 

Rock,   102. 

Boulder  Clay,   182. 

Flints,  4. 

Boulders  (Millstone  Grit),   137. 
Boulton,   D.,   83,  84. 


Bounder  House  Quarry,  48. 

Bowbank   Quarry,  66. 

Box-stone,  187. 

Bracken  [Nluor,  17,  26. 

Bradenham,   105. 

Bradsliaw,  27. 

Bramall,  C,   24. 

Brampton,    73. 

Brandon,  4. 

Branthwaite,  14. 

Branthwaite  Colliery  Co.,  91,   92. 

Brassington,  69,  169,  198,  212,  213. 

pit,   173. 

Brecknockshire    dolomite,     198,    219, 
221. 

:Millstone  Grit,   123. 

silica-rock,    125. 

Breedon  Cloud,  213. 
Breedon-on-the-Hill,    213. 
Breich,  176. 

sandstone   quarries,    195. 

Bridgend,   138,  220. 
Brigg  Hazel  Rock,  37-39,  61,   64-66. 
Brightholmlee,    25. 
Broad   Car,  87. 
Broadhead  Quarry,  17. 
Broadshaw  Hill,  86. 
Brodick   Castle,    156. 
Bromsgrove,  98. 
Brooke  Benjamin  k\;   Co.,  119. 
Brookes,    T.,  *!t   Sons,  26. 
Brookside  Quarry,    17, 
Brora,  196. 
'  Brown  '  sand,  126. 
Brushing   (silica-rock),  7. 
Brymbo  Silica   Quarries,  Ltd.,   116, 
117. 

Steel  Co.,  Ltd.,   116. 

Brynamman,  124. 

Silica  Co.,  131,  187. 

Bryn  glas  Silica  Quarry,  191. 
Bryn  GwA-n   Quarry,  190,   191. 
Bryniau  Quarries,   137. 

'  Bubbly,'  109,  110. 
Buckinghamshire,  4,  5. 

sand,  183. 

-  silica-rock,  lOo. 


Buckley,  106,  190. 

fireclay,  108. 

'  Buggeroo  '    (dolomite),    215,   216. 

Bugsworth,  70,    77. 

Building    Stone,   59,    64.    145,    148, 

20f),   210,  213. 
Bullbridge,   13,  70,  74. 
Bull  ho  use,  27. 
Bunter,   5.   98,  177. 

Pebble  Beds,   5,  169. 

Burn  Hill,  45.  46. 

Burnhope  Burn,  68. 

Bury,  87. 

Burythorpe  Sand  Co.,  186. 

Busty  Coal,  67. 

Butsfield   Bum,  54. 

Buxton  Lime  Firms  Co.,  Ltd.,   171, 

212. 
Bwamaen  Quarry,   134. 
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Bwlchgwjn,  106,  108,  115. 
Quari7,  108. 


-  Koadstone        Quarries, 


Ltd.,  108,  116. 
Bwlch-y-ddauffryn    Vein,    190. 
Byeriey   House,  36,    38,  39,   52. 

— Quarry,  48. 

Byer's  Quarry,  211. 

Bynea  Silica  Works  Co.,    127. 

Byrebum  Coalfield,    159. 


Caello  Brickworks,  117. 

fireclay,  116. 

Caergwrle,  108. 
Cairn  Burn,  151. 

rock,  152. 

Calciferous  Sandstone,  6,   157,    158, 

160. 
Calcining,    silica-rock,    7. 
Calder  Quarry,  30. 
Caldon,   169,   174. 
Caldwell,  176. 

Sand  Quarry  Co.,  193. 

Caledonian  Brick  Works,   24. 
CaUart  Cottage,   150,   163. 
Calliard,  2. 

Calmy  Limestone,  148-149. 
Cambrian,  5,  98,  100,  101,  103. . 
Cambrian  Quarry,   191. 

^  Silica    Stone   Co.,    117. 

Oamerton   Colliery    and   Brick    Co., 

93. 
Campbell,   A.   J.,  5. 

&  Co.,  144. 

Campbeltown,  176. 

Coal  Co.,  Ltd.,  192. 

Camp  Hill  Quartzite,  102. 

'  CanJi,'  205. 

Canonbie,  159. 

Cantrill,  T.  C,  v. 

Caolasnacon,  163. 

Caol  Isla,  161,  163. 

Carboniferous  Limestone,  4,  5,  34, 
37,  57-59,  61-68,  106,  107,  109,  112, 
115,  117,  118,  123,  130-135,  148, 
152-154,  158,  162,  168,  176,  188, 
192,  193,  197,  198,  202,  211,  219, 
221-223. 

Cai-diff,  123,  219,  220. 

Carlops,  151. 

Carluke,  156. 

Carmarthen  Bay,  123. 

Carmarthenshire,  123.  127. 

dolomite,  219. 

Silica    Co.,     Ltd., 

189. 

Carnmore  House,  163. 

Carsington,    169,  213. 

Hill  pit,  173. 

Castell-c6ch  Quarry,  222. 
Castlecary  Fireclay  Co.,  Ltd.,  148. 

Limestone,  148,  149,  195. 


Castle  Firebrick  Co.,    Ltd.,   118. 
Castle  Hill,  36,  39,  53. 

Canister  Co.,  62. 

Castleton,  12,  13,  36,  37,  40,  45. 

ganister,  42,  43. 

Quarries,  42. 

rock,  39. 

Caswell   Bay,  220. 
Caversham,  4. 
Cefn-y-fedw,  110,   111. 

(Quarry,  111. 

Sandstone,  106-113. 

115,  117,  118,  119,   190,   191. 
Cement  limestone,  195. 

silica,  14. 

Central  Valley  of  Scotland,  140. 
Chalk,  4. 

flints,  4,  149. 

HiU  Quarry,  216. 

Chamberlain's  Pit,  183. 
Chambers,  Bros.,  26. 
Chambers,  J.,  99. 
Chapel  Point,  154. 

Limestone,  155. 

Chatsworth  Grit,  70,   78. 
Cheadle  Cbalfield,  82. 
Chepstow,  217. 

Chert,  1,  4,  108,  118,  166,  170,  182, 

190. 
Chesham,  86. 

Fault,  87. 

Cheshire,  13,  177. 

silica-rock,  80. 

Chesterfield,  6,  17,  69,  70. 

Chilton  Quarry,  209. 

China-clay,  8. 

Chinley,  70,  77. 

Chirk,  120. 

Ohirk   Castle  Lime   and  Stone  Co., 

110. 
Chwarele  Coal,  108,   113,  114. 

ganister,  114. 

Cilyrychen  Lime  Works,    134. 
Cinderford,  218. 

Cinder  Hill  Mine,   29,  30. 
Clarke,  George,  &  Sons,  89. 
Clay  Coal,  15,  19,  20,  23,  25,  26,  29, 
31. 

Pits,  High  Peak,  168,  171. 

Clegars  Castle  Quarry,  138. 
Cleggs  Wood,  87. 

CUfton  Little  Main  Cbal,  14,  89,  93. 
Cloud  Hill  Quarry,  213. 
Clough,  C.  T.,  vi. 

House  Brook,  86. 

Mine,  25. 

Quarry,  17. 

Clunch,  118. 

Clydach,  176,  198,  219,  220. 

and  Abergavenny  Lime  and 

Stone  Co.,  Ltd.,   188,   221. 

Clydesdale    Brick   and  Quarry    Co., 

Ltd.,  147. 
Clyneleish  Quarry,  196. 
Coalbrookdale,  96. 
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Coal  Measures,  5,  34,  82,  90,  91,  95, 
98.  104,  106,  107,  123,  136,  144, 
145,  159. 

Goalmoor,  95. 

'  Coarse  silica-sand,'  130. 

Coed  Talon,    119. 

Cofton  (.Quarry,  101. 

Cohooley  Wood,  154. 

Coking  Coal,  15,  18,  21. 

Coleford,  104,  217. 

Colorado,  11. 

Commondale,  5,  13,  36,  41. 

—  Brick   and    Pipe    Co., 


42. 


—  ganister,  40,  41. 


(Quarries,  40. 

rock,  39. 


Congleton,  81,  83. 

Edge,  14,  80,  84. 

— Silica  Brick  and  Ganister 

Co.,  84. 
Conglomerate,  124. 

— siliceous,  161. 

Conglomeratic  quartzite,    1,  2. 
Connah's  Quay,  119,  121. 
Consett,  35. 

Iron  Co.,  Ltd.,  64. 

Conway,  191. 

Cooper's  Quarry,  214. 
Copper  HiU,  81. 

workings,  Roman,   216. 

Corallian  Sandstone,  196. 
Corrie,  156,  196.. 
Corsinkell,  155. 

Coston  HiU,  98. 

Cotterell,  J.,  26. 

Coultas,  F.,  26. 

Coulthard,  John,  &  Sons,  58. 

Coulthard's  quarry,  37,  39. 

Cow  bridge,  220. 

Cox  Green,  08. 

Coxlioe,  26,  197,  201,  202,  203. 

Quarries,  202. 

Crabtroe  Coal,  82. 
Craig  Fawr  Quarry,  116. 
Craigleith  Quarries,  157. 
Craig-y-dinas,  11. 
Craig-y-nos,  125. 
Craig-y-Panxly,  120. 
Craw  Coal,  145. 
Crawford,  166. 
Crawieyside,  36,  53. 
Crawshaw  Sandstone,  18,  21. 
Cricket  Meadow  Quarry,  98. 
Crompton,  87. 

Crook,   6,  35,   48-50,  54,  58,  60,  62, 

64-68. 
Cfookee,  16. 
Crosby,  14,  90. 
Cross  Ganister  Co.,  63. 
Cross  Quarry,  39,  53. 
Crossland,  Alan,  26. 
Crossland's  (Townend)  Quarry,  17. 
Crossloy  &  Sons,   Ltd.,  40. 
Crowcdge,  27. 


Crown  Dale    (late    Ford's)    Quarry, 

117. 
Crowstone,  2,  37,  84-86. 

Group,  14. 

Crushed   silica-rock,   176. 
Crusliers  (silica-rock),  7. 
Cnil  Bay,  164. 
Cumberland,  5. 

. ground  ganister,  14. 

-— silica-rock,  89. 

Cupola  sand,  99. 

Curdly  Ironstone,  195. 

Currall,  Lewis  &  Martin,  Ltd.,  100* 

Currie  Glen,  167. 

'  Cuttery,'  169. 

Cwni  Dvar,  221. 

Quarry,  221. 

Cwmtwrch,  132. 


D. 


Dale,  R.,  85. 

Dalmally,  165. 

Dalnatrat  Bridge,  224. 

Dane,    river,   80. 

Dawdon    Hill    Fox    Cover    Quarry, 

210. 
Dawley  Quarry,  95,  96. 
'  Day-eye,'  91,  92. 
Deepcar,  12,   15,  21-23,  25,  26. 

Fireclay  quarry,   17. 

Deep  Hard  Coal,  71. 
Deepsykehead  Quarry,   151,   162. 
Dee  VaUey,  106. 

Delaney,   John,   Ltd.,  211. 
Delph  Works,  108,    113. 
Denbighshire,   106,  177,  214. 

silica-rock,  108. 

Denner  Hill,  105. 
Derbyshire,  5,  6,  10,  29,  34. 

dolomite,  198,   204,  212. 

pocket  deposits,  168,  170. 

Silica  Firebrick  Co.,  172. 

silica-rock   and   ganister, 

69. 
Dereham,  178. 
Devil's  Lake  quai-tzite,    11. 
Dewey,  H.,  v. 
Dhuletter,  165. 
Diatomite,  1. 
Dibdalo  Works,  102. 
Dinas,  11. 

brick,  10,  11. 

Firebrick  and  Cement  Works^ 

136. 

Silica  Works,  125,  129. 

'  Dinasstein,'  11. 

Dixey,  F.,  219. 
Dixon.   E.  E.  L.,   220. 
Doctor's  Gate,  36,  39,  62. 

. Quarries,  51. 

Doffcocker  Fireclay  Works,  88. 
Dolomite,  107,  171,  197,  200. 

bricks,  199. 
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Dolomitization,  198. 
Donald,   W:,    150,   165. 
Doncaster,  5,  197,   204,  206,  207. 
Donnisbooth  Wood,  86. 
Don,  River,  23. 

Valley,   16,  17,  21,  27,  206. 

Dore,  6,  17,   78. 

Dore  Quarry,   78. 

Dougall,  J.,  &  Sons,  Ltd.,  141. 

Dowlais,   124,  187.    ' 

Iron  Works,  137. 

Down  Hill  Quarry,  209. 
Downie,  J.  R.  M.,  164. 
Drift,  5. 

Drum  Mine,  142. 

Pits,  146. 

Di-ybrook,  218. 

Dry-grinding    rsilica-rock),   7,   9. 
Drying  (silica-brick),  8. 
Dudley,  98. 

Dukinfield,  88. 
Dumfriesshire,  5. 

sandstone,  169. 

Dunbar,  154,  155. 
Dungworth,  20,  21. 

'  Dun-stone,'  212. 
Durfiam,  5-10,  45-68. 

dolomite,    200,    204,   208. 

'-  silica-rock,  35-37. 

Duror,  164,  224.  225. 
Dury  Works,  190. 
Dutcii  Bam  Quarry,  30. 

sand,  176. 

Dykehead    Ganister    and    Firebrick 

Co.,  Ltd.,  142. 
Dykes,  121. 
Dyson,  J.  &  J.,  19,  72,  79. 

£. 

Eas  a'Chathaidh,  164. 
Eastgate,  58-60. 
Eastwood,   T.,   102-104. 
Ebbw  Vale,   13. 
Ecclesall,  15,   79. 
Edgar,  E.  G.,  52. 
Edinburghshire,  5,   176. 
sand,  195. 

sandstone,  167. 

— ■ — — — ■  silica-rock,  153. 

Edmondbyers,  53. 
Egglestone,  37,  39. 

Ganister  Co.,  67. 

Eglinton  Chemical  Co.,  149. 

Silica-Brick       Co.,      Ltd., 

149,  165. 

Eighty  Yards  Band  Coal,   31. 

Rock,  31. 

Elland  Flags,  29,  31. 

Ellen  River,   91. 

Ellowes  Hall,  98. 

Elton,  213. 

'  English  Dinas,'  11. 

Eppleton  Quarry,  209. 

Erith  Works,  119,     . 

Esclusham   Mountain,   106,   119. 

Esk  VaUey,  37. 


Esperston,  153,  164. 

Estuarine  Series,  5,  36,  40,  41,  187. 

Evans,   T.,   101. 

Ewloe  Green,  118. 


Fairlie,  161. 

FakenJiam,  178. 

Falkirk,  140. 

Fareham,  4. 

Farewell  Rock,  123, 

Fauldhouse,  195. 

Faversham,  4. 

FeU-top  Limestone,   37,  67,  68. 

Felspar,  3. 

Felspathic   grit,    106,    114. 

sandstone,  90,  92. 

Ferryhill,    208,   209. 

F  frith,  4,  106,  108. 

stone,  117. 

Ffi-wd  Works,  118. 
Field  House  Quari-y,  30. 
Fifeshire,  5. 

sandstone,   160, 

Finedon,  14. 

Finlay's  Quarry,   37,  39,  61. 

Fireclay,  92,  113. 

Band  Coal,  89. 

bond,  10. 

Cbal,  93. 

Fireclay  Products  Co.,  190. 
Firestone,  68. 

sill,  37,  5§,  59. 

Firing  (silica-brick),  9. 
First  Grit,  81. 

Five  Yard  Limestone,  37,  66. 
Flett,   J.   S.,    vi.,   155. 
Flimby,  89. 
Flint,   1,  3,  4,   149. 

brick    149. 

Flintshire,  106^  108,  117,  189,   190. 

sands,  177, 

'  Floes,'  11. 
'  Flummery,'  215. 
Flux,   202,  203. 
Folkestone  Beds,  177, 
Forest  of  Dean,  218,  220, 

dolomite,   198. 

ground  ganister,  14. 

*  Forty-Eight  Yards  Band  Coal,'  29, 

31. 

Inch,  dolomite,  215,  216, 

Yards  Band  Coal,  31. 

Rock,  31. 

Foul  Coal,  144. 

Four-fathom  Limestone,   37,  38,   61, 

65. 
Fourstones,  37. 
Fowlds,  H.,  173. 
Fox,  Samuel,  &  Co.,  26. 
Freestone,  43,  148. 
French  flint,  149. 
Friden,  169,  172,  173,  213. 
FroghaU,  82. 
Fron,  6. 

Silica  quarry,  110. 
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Frosterley,    37,    39. 
Fulwell  Lime  Works,   Ltd.,  211. 
Fungous  Coal,   96. 
Furnace     &     Foundry    Refractories 
Co.,  78. 

Blocks,  120. 

Coal,  69,  71. 

Or. 

Gain  Mine,  146. 
Gair   Limestone,    148. 
Galliard,  2,   31,   86. 
Ganister,   1,   2,  5,  15,    36,    39,    107, 
175. 

American,  11. 

Beds.  88. 

Brick,  6,  10,  68,  72,  148. 

Coal,  13,  15,  19-21,  29,  31, 

69,    71,   73,    74,    78,    86, 
88,  94. 

compound,  90. 

definition  of,    3 ; 

(or  fireclay),  12; 

Group,  2,  15,  27,  29,  30. 

like  sandstone,   140,  151. 

Mine,  23,  79. 

Goal,  88. 


mixture,  12,  124,  169. 

rock,   80. 

Quarry,  137. 

'  Ganister  '   Quarry   (Todd's),   47. 
(Ward's),  46. 


sand,    13,    71,    168,    170- 

172. 

Sheffield,  2,  13,  18. 

Gareg-fraith  Quarry,  131,  132. 
Garn-bica  Quarries,  127. 
Garnkirk,  147. 

Garside,  G.,  181. 
Gartcosh  Pit,    147. 
Garth,  6; 

IMine  and  Quarries,  113. 

Quarry,  112. 

Gartverrie,  176. 

Fireclay    Co.,   194. 

Gault  clay,  180-183. 
Gawsworth  Common,  80. 

Gay  &   Wilson,    179. 

Gee's  Hartshill  Granite  and    Brick 

Co.,  Ltd.,   103 
Gee's  Quarries,  102. 
General  Refractories  Co.,    Ltd.,  25, 

121. 
'  German  Dinas,'   11. 
Germany,  11. 
Geyserite,  1. 

Gibbons,   B.,  Junr.,  Lt-d.,  102. 
Gibson,  W.,  v. 
Gillhead  Coal,  Firebrick  and  G<anis- 

ter  Co.,  Ltd.,  94. 
Gillow  Heath,  83-84. 
Girlinsj,   W.    H.,    &    Co.,    Ltd.,  39, 

46,  48,  32. 
Girvan,  167. 
Glacial  drift,  98,  105. 


Glacial  gravel,  ^09. 

■ —  sand,  180. 

Glaisdale,  45. 

Glamorgan,  dolomite,  219,  222. 

MiUstone  Grit,  123. 

silica-rock,  134. 

Glangwenlais  Quarry,  134. 
Glascoed  Hall,  109. 
Glasgow,  156,  164. 
Glass-sand,  162,  178-180,  196. 

stone  (for  grinding),  157. 

Glenboig,    146,    147,    149,  l94. 

Union  Fireclay  Co.,  Ltd., 

146. 
Glen  Burn,   155. 
Glencoe,  164. 
Glencoe  quartzite,  165. 
Glengonnar  Water,  166. 
Glen  Orchy,    164,    165. 
Glen  Strae,    165. 

Glenyards  Fireclay  Co.,  144,    145. 
Glossop,   H.,  75. 
Glossop's  ganister,   69,    75. 
Gloucestershire,   dolomite,    217. 

silica-rook,  104. 

Glyn  Stone,  120. 

Godstone,   177. 

Gold  Hill,    37,  39,  62,  64. 

Ganister  Quarry,  61. 

Gornal,  5,  13. 

stone,  13,   98. 

Gower  Peninsula,   220. 
GowLand,  J.,  &  Sons,  65. 
Gowland's  quarry,  37. 
Graianrhyd,  191. 

Graig  Quarry,  Risca,  224. 

Graig      Silica      Stone      and      Sand 

Quarries,  128. 
Graig^ven  Quarry,  120. 
Grangemouth,  149, 
Granham's  Moor,  95. 

Quarry  Co.,  Ltd.,  96. 

Grassington,  211. 

Gravel  flints,  4. 

Grays,  4. 

Great  BrickhiU,  180. 

Great  Limestone,  37,  59,   61. 

Great  Wanney.  68. 

Green,  A.  H.,   20. 

Greengate  Brick  and  Tile  Co.,  88. 

Greenliill,  145. 

Greenhithe,  4. 

Greenly,    E..  120. 

Greenock,    166. 

Gregoi-y,   Ri-ddish  &  Co.,  25. 

Grey  Grit,  188. 

'  Grey  hard,'  dolomite,  203. 

Grey   Limestone   Series,   40. 

Grey  Stones,  78,   79. 

Griffs,   19. 

quarry,  17. 

Grimston  Quarrj-,  179. 

Warren,  174,  178. 

pit,  180. 

Grinding  (silica-rock),  7. 

G rotten,  87. 
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Ground  ganister,  12,  188, 

'  Ground  silica,'  134,  188. 

Guest,    Keen    &    Nettlefolds,     Ltd., 

137, 
Guiseley,  13,  33. 

Silica  Co.,  32. 

Rock,  15. 

Gun  End,  80,  85. 

HiU,  80,  81. 

Quarries,  85. 

Gwernaffield,  119,  189. 
Gwernydd  Quarry,  114,  115. 
'  Gwersyll,'  brand,  116. 
Gwersyllt    Silica    Brick    Co.,     Ltd., 

116. 
Gwespyr  Sandstone,  108. 
Gwyn  Silica  Quarry,   191. 
Gwys,  133. 


H. 


Habberley,  95,  96. 
Haddingtonshire,  5 ; 

silica-rock,  154. 

Hadfield,   Sir  R.  H.,  vi. 
Hafod  Quarry,  119. 
Hagg  Stones,   25. 

Mine,  17,  24. 

Halifax  district,  29-31. 

Hard    Bed    Band    Coal,    18, 

26,  27,  29,  31. 

Hard   or   Hard    Mine   Coal, 

15,  18-31,  69,  71-75,  77,  79. 
{See  also  Ganister,  Alton 
and  Lower  Mountain 
Coal). 

Soft  Band  or  Clay  Coal,  18, 

21    26    31 
Soft' or  Coking  Coal,  18,  21, 

26,   31. 
Halkin,  108. 

Mountain,  4,  190. 

Hall,  John,  &  Co.,  102. 
&      Sons      (Dukinfield), 

Ltd.,  88. 

J.  W.,  198. 

Hammond,  William,   Ltd.,  88. 
Hampole  Quarry,  207. 
Hamsterley  Common,  51. 

Ganister  Co.,  Ltd.,   51. 

Harbison-Walker    Refractories    Co., 

11. 
Harbord,  F.   W.,  198. 
Harboro'  Rocks,    198,   212,   213. 

*  Hard  blue,'  dolomite,  203. 

Hard  Mine  Ganister,   5,  13,  15,   17, 
19,  24,  25. 

*  Hard   rock  '    (quartzite),  121. 
Harefield,  4. 

Hareshaw,  Shotts,  140. 
Harper,   Mr.,  99. 
Harper  ley,  47. 
Harris,   Gregory,   181. 
Harrison,  George  K.,  Ltd.,  102. 
Harthope  Ganister  Quarry,    37,   39, 
58. 


or     St.     John's     Chapel 

Quarry,  65. 
Hartington,  168,  171. 
Hartlepool,  197. 
Harton  Coal  Co.,  Ltd.,  210. 
Hartshill,  103. 

quartzite,  102. 

Havard,  F.  T.,  10,  199. 
Hawarden,  118. 
Hawksworth  Quarry,  32. 
Hazelhurst,   87. 
Hazleiiead  Bridge,  26. 
Heacham,    178. 
Headsmuir,   156. 
Heage  Firs,   76. 

Hearth-sand,   97,  98,   124,  130,  137, 

176. 
Hearthstone,  49,   51,  52. 
Heath  &  Reach,  181. 

Pits,  183. 

Heathfield    &     Cardowan     Fireclay 

Co.,  Ltd.,   147. 
Heaton,  85. 
Heck,  5. 

Heliiheld  &  Whitfield,  68. 
Helliwell  &  Pearson,   20. 
Helpet  Edge,  87. 
Henholmes  Quarry,   17. 
Hermand  Quarry,   158. 
Hertford,  4. 
Hexham,  37. 
Higher  Fold,  87. 
High  Harrington,  14. 
Highland  Metamorphic  Series,  161 
High  Matlock  Quarry,   17,  20. 
High   Peak,    69. 

Silica  Co.,  170,  171. 

High  Silica  Sands  Co.,  Ltd.,  186. 
High  Stope,  6. 

Hill  Farm,  77. 
Hillfield  Quarry,  100. 
HiU  Top,  17,  33. 

Mine,  20. 

Hinxman,  L.  W.,  vi. 
Hipper,  River,   73. 
Hirwaun,    11,    134,    136. 
Holland,   J.,  vi. 
Hollin  Coal,  108. 

Rock,   108. 

Hollowav  Quarry,   98. 
Holt  Head,  28. 

Quarry,  28. 

Holyhead   Clay,   121. 

Silica  Quarry,  121. 

Holy   Moor,   73. 
Holymoorside,  6,   17,   78. 
Holywell,  4,   108,  214. 
Honley.  26,  27. 

Hoops  (for  runners),  7. 
Hope  Mountain,  108. 
Hopton  Hall,  213. 

Wood,  213. 

Horley  Green  Quarry,   30. 
Horn  and  Scott,  68. 
Horsforth  Hill.  32-33. 
Howcans  Quarry,  30. 


INDEX. 


236 


Howden,  F.  J.,  207. 
Howe,  J.  A.,  v.,  vi. 
IXownti,   11.,   (38,    200. 
Huddersfield,  17,  26,  28,  29,  44. 
Hug  Bridge,  80. 
Hulton  Colliery,   86. 
Hume,  T.  C,  58. 
Hume's  Quarry,  37. 
Huntershill  Quarries,  156. 
Huntingdon  County,   11. 
Hunt's  Quarry,  214,  216. 
Huronian,  11. 
Huttons  Ambo,  176,   185. 
Hyde,  D.,  98. 
Hydraulic  Lime,  206. 


Inch  Mine  Coal,   88. 
Inferior  Oolite,  34,  36. 

Series,  42-44. 

Institution  of  Gas  Engineers,   10. 
Intake  Quarry^  17. 
Inver  Cottage,  162. 
Inverness-shire,  5 ; 

quartzite,    161. 


Ipstones,  82. 
Iron  oxide,  8. 
Ironbridge,    95. 
Islay,  161,  163. 


J. 


Jackfield,  95. 

James,  W.,  104. 

'  J.   B.  J.,'  trade  mark,  136. 

Jenkins,   J.  B.,   &   Co.,  136. 

Johns,    Cosmo,   177. 

Jones,  E.    M..  112. 

W.  P.,  111. 

Jura,   161,  162,  165. 
Jurassic,  6,  34-36. 


K. 

Kaim  Hill  Quarries,   161. 
Keldheads,  63. 
Kelham  Island,  25. 
Kellaways  Rock,   186. 

sand.  176. 

Kello  Wat<>r,   159. 

Ken  fig  Hill,  138. 

Kennythorpe  Moor,    186. 

Kent,   177. 

Kentallen,    164. 

Kotley   Sandstone,  95-96. 

Keupor,  177. 

Key,  G.  H.,  79. 

Kidwelly.   124,  128-131,   187,  219. 

Kieselguhr,   1. 

Kilburne  Colliery,    70. 

Kilhepst-e  Quarry,  134. 


Killhope   Burn.  64. 
Kilncadzow,  166. 
Kilns,  8,  9. 
Kilwinning,  158. 
Kimmeridge  Clay,  178. 
Kinghorn,  160. 
'  Kingle,'  192. 
King's  Lynn,    176,  178. 
King's   Mills,    116. 
Kinlochleven,  163. 
Kirkby,  J.    W.,  211. 
Kirkcaldy,  164. 
Kirkconnel,   159. 
Kirk   Edge  Quarry,    17. 
Kiveton   Park    Quarry,    207 
Kneading  under  foot,  8. 
Knitsley  Fell,  36,  39,  62. 

Ganister    Co., 

Quarry,  50. 

Knowle  Top,  20. 


61. 


Ladywood,  95. 

Laganha  Quarry,  164. 

Lambton     and     Hetton     Collieries, 

Ltd.,  209. 
Laminosa  dolomite,  219. 
Lamplugh,  G.  W.,  v.,  182. 
Lanarksliirt,  140,  146,  176. 
chert,  166. 

sand,  193. 

sandstone,  156. 

silica-rock,  152. 

Lancashire,  5,  13. 

silica- rock,  86. 

Lanchester,  56. 

Lander,   T.,   100. 
Landore  Works,  127. 
Lanehead,  37,  39,  64. 
Langhouse,  25. 

Mine,  24. 

LanglanJ  Bay,  220. 
Langsett,  26. 

Lap  worth.   Prof.   C,  102. 

Lask  Edge,  80. 

Latter's  Quarry,  97. 

Laverock  Hal!.  57. 

Leac  Thiolastxiraidh,  161. 

Leach  Heath  Quarries,  100. 

Lealholm,  36,  39,  41-44. 

Lee    Dr.  G.  W.,  19(5. 

Leeds,  29,  31,  212. 

Leek,  80. 

Leemuir  Quarries,  156. 

Leicestei-shiro  dolomite,  213. 

Leighton  Buzzard,  176,  180-184. 

Lesmahagow,  162. 

Levenseat  Limestone,   195. 

Lime  Works,   195. 

Lickbank  Coal,  93. 

Lickey  Quarry,  101. 

qnartzite,  98,  100,  101. 

Lilleshall  Co.,  Ltd.,  95. 
Lime,  8,  10,  12. 
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Lime  Coal,  159. 

Firms,  Ltd.,  134. 

Limestone  Coal  Group,    192,   193. 
Limestone,   sec  Carboniferous. 
Limpsfleld,  177. 

'  Limy  ply,'  195. 
Linlithgowshire,  146. 
Linney  Head,  220. 
Litchfield,  S.,   76. 
Litchfield's  ganister,  69,   77. 
Little  Don,  26,  27. 
Valley,  17,  27. 

Flint  Coal,   95. 

Main  Coal,   94. 

Matlock  Mine,  20,  26. 

luariy,  17. 


Wanney,    68. 


Llanarmon,  191. 

Llandegla,  106,  214. 

Llandeilo,  124. 

LLandybie,   124.   128,  134,  176,  189. 

Llanelly  Quarry,   188,    221. 

Llanfynydd,  117. 

Llangadock,  131. 

Llangollen  Valley,  112. 

Llanymynech,   108,   214-216. 

Lloyd,  J.   E.  C,  138. 

Lluest  Quariy,    136. 

Llyn  Quariy,  130,   131. 

'  Loam,'  40. 

Lochaber  Series,   163,  224. 

Lochcraigs  Quarry,  158. 

Loch  Fine,  165. 

Leven,  150,  163-165. 

Libo,  193. 

Linnhe,  224. 

Tarbert,  162. 

Lockwood,    Blagden    &    Crawshaw, 

206. 
Londonderry,   The  Marquis  of,  210. 
Longcliff,  169,  173. 

Pit,  173. 

Longdale  Pit,  170. 
Longden,  G.,  &  Sons,  26. 
Longside  Moor,  73. 
Long-wall,  6,  89. 

Love,  William,  &  Co.,  Ltd.,  50,  52, 

56. 
Love's  Quarry,  36,  39. 
Lowe,  Mr.   62. 
Lower    Carboniferous,    34,    63,    68, 

82-85. 

Coal  Measures,  2,  13,  14,   19- 

21,  23-29,  31,  34.  36,  45-48, 
50-52,  69-71,  73-75.  78,  79, 
82,  86,   88,  108,  113. 

Cretaceous,    178-183. 

Estuarine,  14. 

Fireclay,   146-148,    194,    195. 

Greensand,  176-178,  180,  181, 

184. 
Limestone    Group,    154,     158, 

196. 
Shales,  217,   218, 

222. 


Lower    Magnesian    Limestone,    202- 
205. 

Mountain  Mine  Coal,  86,  88. 

Oolite,  40,  185,  187. 

Pendleside  Grit,  86. 

Silurian  Chert,  166. 

Low  Main  Coal,   09,  71. 
Low   Moor,  109,  174. 

Lowood,    J.    Grayson,    &  Co.,    Ltd.» 

12,    21-23,  42-43,  58. 
Lowside  Brickworks,  87. 
Loxley    Common   Quarry,   17. 

Edge  Rock,  18,  21,   26. 

Ganister  Co.,  26. 

Valley,  15-17,  19. 

Lunedale  Rock,  37,  39. 
Lynn  sand,  176,  178. 


M. 


Maoad)am,  206. 
Macbiehill,  151,  152,  154. 
Macclesfield,  80,  86. 
Maccoll,  A.,  224. 
IVIaogregor,  M.,  vi. 
Maohen,  219,  223. 

Quarry,  222. 

Stone  and  Lime  Co.,  Ltd., 

222. 

Machrihanish,  192. 

Maes-Maelor,  106. 

Magnesia,  8,  205. 

Magnesian  Limestone,  197,  200,  201, 

202,  205,  210. 
Magnesite  Brick,  150. 
Main  Coal,  192. 

Limestone,  37,  59,  61,  62  156, 

217-219,  222,  224. 
Mainsforth  Quarry,  209. 
Main  Vein  Fault,   115. 
Malin  Bridge,  20. 
Mansfield,  197. 

Woodhouse,  208. 

Marion  Brick  Works  Quarry,  104. 
'  Marl,'  83. 

Slate,  200. 

Marriott  Wood  Brick  Pit,   78. 
Marron,  River,  92. 
Marsden,  28; 

Moor,  32. 

Quarries,  210. 

Masson  Hill,  213. 
Matlock,   212,    213. 
Meanwood,  31. 
Moor,  79. 

Quarries,  31. 

Medina  Sandstone,  11. 
Meerbrook,  85. 

Mellor,   J.  W.,  v.,  vi.,  4,  200. 
Mellte,  River,  11, 
Meltham,  28. 

Silica  Firebrick  Co.,  Ltd., 

27,  28,  44. 
Merry  &  Cunningham,  225. 


INDEX. 


23: 


Merthyr   Tydtil,    124,    187,    '2ld. 

Metal  polisJi,  liJl. 

Metanioiphic  quartziteSj    IGl,    103. 

Alica,  3. 

.Uiddle  Band  Coal,  31. 

Band  llock,  31. 

Bed  Coal,    15. 

Bed  Rock,  18,   21,  22. 

Coal    Measures,    13,    69,    71, 

89,  92-94,  9G,  1U8,  118. 

Estuarine  Series,  3G,  41,  42. 

Grit  Group,    G9,  7G,   77. 

Permian  Mail,    204,   20G. 

Oolite,  18G. 

ilock,  15. 

Middlesbrough,   35,   43,    GO. 
Middleton  Conunon,   213. 

(Edinburghshire),        153, 

154. 

Lime  Quari-y,   153. 

Quarry,    178. 

sand,   17G,  179. 

in-Teesdale,  37,  G7. 

on-the-Wold,  4. 

Middlewood,  2G. 

Mid  Fireclay,  141,  142. 

Midhopstones,  26. 

^lidland   Refractories  Co.,   73. 

Midlothian  basin,   151. 

Miletree  Farm,  181. 

Millhouses,  G,  78,  79. 

.Alillstone  Grit,  5,  13-15,  18,  21,  25, 
27-32,  34,  36,  38,  49,  52-56,  67-70, 
76,  77,  80-82,  90,  91,  104,  lOG,  107- 
113,  115,  117,  119,  123,  125-129, 
131-134,  136-138,  140-148,  155,  158- 
160,    176,  187-191,   193-196. 

Minera,  106,  115,  214. 

Lead  Mines,  110,  115. 

Mining  (ganister,  etc.),  G. 

Minninglow,  169. 

Minwear,  219. 

Mitcheldean,  217,  218. 

Mobberley  cV  Ptnry,  Ltd.,  102. 

Moel-y-Gaer,  190. 

Mold,  119,  189,  191. 

Mona  Complex,  120. 

Monmouthshire,  dolomite,  198,  219, 
222. 

'- Millstone  Grit,   123. 

Monyaah,  168. 

Moor  Fidgp  Mine  and  Brickworks, 
71. 

Grit,  36,  37,  41-44,  106,  109. 

Moorhouse  Guards  roUiery.  89. 
M<x>r\vo(Kl  Moor,   7H. 

Morriston    Silica  Biick   Works,    136. 
Morton,  G.  H..  111. 

J.,  .^-  Co.,  29. 

Mossley.   80.  84. 

Moulder's  composition,   124. 

paint.  124. 

Mouldinti  mixture.  42. 

^sand,  124. 

Moulds  (for  bricks),  8. 
Mounterins,  165. 


Mow  Cop,  80-82,  84. 

Brick    and     GanisU-r    Co., 

Ltd.,  82. 
Muggleswick    Common,   53. 
Mumbles  Head,  220. 
Mundle,   A.,  08. 
Murchison,  Sir  II.   I.,  95,  214. 
Myer.j  Lane,   25. 

Mine,   17,  24. 

Mvnydd-y-gareg,  124,  128,  129. 
Mytholme  Quarry,  30. 


N. 

Nant  Llynfell,  132. 

-mawr,  215. 

-y-Ffritli,  109,   118. 

Narberth,   124,   138. 
Xar  Valley,  178. 
Xattra.ss  Gill,  37,  38. 

ganister,  61-63. 

Naugliton  Coal,   70. 
Neath,  124,  136. 
Xesbitt,  C,  IL 
Nether  Heage,  69. 
Ne\vbf)ld,  81. 

Quarry    83. 

New  Brampton,  73. 

New    Brighton    Village,    llo. 

Newcastle,    53. 

Newhall  Quarry,  30. 

Newhaven  (Derbyshire),   171,   213. 

(Sussex),  4. 

Newnham,  217. 
Newport,    Mon.,  220. 
New  Quarry,  129,   131. 

Thorn  House,   25. 

Newtowngi'ange,  154. 
Nicholson,  E.  D.,  214,  215. 
Nills  Hill,  95. 

Quarry,  97. 

Nortlen  Fireclay  Works,  89. 
Norfolk,   sand,  176,  178. 
Northami)t<jn  ironstone,  14. 
North  Ballachulish,   163. 
North   Cleveland,   37,   42. 

silica  -  rocks,      34- 

36. 
North-eastern  district,    7-9,    34. 
Nortihfleet,  4. 
North  Lancashire,  88. 
■  :>rid<lloton  Burn,    153. 

^lidlands.  35. 

Staffordshire,  crowstones,  80, 

80. 
Nortliumljerland,  10,  34,  37,  68. 

firetjtone,  68. 

North  Wales,  5,  6.  7.  101. 

dolomite.  214. 

sand     189. 

silica-rock,    106. 

Nottingham,  197. 
Nottinghamshire.    204,   205,    208. 
Nuneaton,   102-104. 

Q 
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(Jakaiinx)r,   IWJ,   i"4,    17.j. 

Oakengates,  95. 

Oakes,  JaineSj   &  Co.,   G9j    70. 

Oki  Coal,    13. 

Oldham,  86. 

Old   Mine  Clay,   102. 

■    Red    .Sai)dstoiie,    o,     101,     17b, 

187,   188,  225. 
Oidovician,  o,   9o,  97,   120,  214. 
0swesti7,   198,  214. 
Oughtibridge,  21-23. 

Silica     Firebrick    Co. . 

21,  24. 
Oxford  clay,  186. 
Oxted,  177. 


Pan   (for  bricks),    7,   13. 

Pandy  Quarry,   120. 

'  Panels,'  54. 

.^^ant  du   Quarry,   191. 

Pant  Quarries,  216. 

Park    Hill  Quarlzite,    102-104. 

Parry's  Quarry.   118,    119. 

Parsley  Hay,  169-172. 

Peak   District,    5,    6,    13,  168-174. 

Pearson,  E.   J.  &  J.,  Ltd.,  102. 

Peart,   E.,  62,  64. 

J.  v.,  61-63. 

Pease  &  Partners,  Ltd.,  68.  208. 
Pebbles,   5,  124,  127,  129,   116,  137. 
Pembrokeshire  dolomite,    220. 

Millstone  Grit,   123. 

■ — silica-rock,   138. 

Pen-cae-drain  Fai-m,  134. 
Pencil-ganister,     36-41,     45,     48-51, 

54,    57,    59-61,    63. 
'  Pencilled  firestone,'  51. 
Penderyn,   124,   125. 
Pendle  Hill,   86. 
Pendleside  Series,  80,  82-85. 
Pen    Green  Colliery,  87. 
Penistone  Flags,  27. 
Pennsylvania,   11. 
Pen-rhiw-wen,  131. 
Penwyllt,    124,   126,   136. 

Dinas     Silica     Brick     Co., 

Ltd.,  125,   187. 
Pen-yr-alleg,   132. 
Pen-y-wern  Farm,  132. 
Percy,   J.,  12. 

Pemiian,    197,   200,   201,   202-211. 
Pickford,    Holland    &    Co.,    20,   39, 

48,   61,  71,  72,  79. 
Pickup,   P.   W.,   Ltd.,  89. 
Pilkington's    Tile    &    Pottery    Co., 

191.  ^ 

Pillar-and-stall,  6,  46,  92,  115. 
Pioneer  Brick  and  Tile  Co.  87 
Pipe-rock,  161. 

Pipes  of  sand  and  fireclay,  107 
Pistyll  Quarries,  189. 


Pit  flints,  4. 

'  Plastic  clay,'    132,  149. 
Pleasley  Junction  Quarry,  208. 
'  Pocket  '  sands.  5,  168,  177. 
Polbrock  Burn,  160. 
Polishing  powder,   122. 

— — sand,   164. 

Pontaixlawe,  137. 
Pontesbury,   97. 
Pontsticill,    187,    188,  219. 
Pont  Whalby  Works,  134. 
Pont-y-mwyn  Vein,  190. 
Pontypool,  219. 
Porcellaneous  clay,  188. 

■  limestone,   215,   217. 

Port  Appin,   224. 

Ellen,  163. 

Eynon,  220. 

Portaskaig,  161,   163. 
Porthwen,  108. 

Quarry,   120. 

Porthywaen,    198,    214,    215. 

Lime  Co.,  Ltd.,  214. 

Portland  Cement,  218. 
Portlandian,  4. 
'  Post,'  55,   192,   201. 
Post-Triassic,  169.. 
Pot-clay,  18,  21,  74. 

■  Coal,  15^  18,  21,  26. 

Pottery  clay  (san^  for),    164. 

Pott  Shrigley,  88. 

Pre-Cambrian,  5,  11,  106,   108,  120, 

121. 
— ■  -Glacial,  169. 
Pressing    (bricks),    8. 
Prestatyn,  4. 
Preston  Grit,  63. 

— •  under-Sear,  63. 

Pringle,    J.,   v. 
Prior's  Lee,  95. 
Pug-ganister,   12,    13,   43,    50. 
— -  -mill,  8. 
Purfleet,  4. 
Pwlldu,  220. 
Pyebridge,  69,  70. 
Pyle,  138. 


Quarringtoii  Hill,  202. 

Quarrying   (ganister,  etc.),  6. 

Quartz,  1  ; 

—  -conglomerate,   125,    127. 

■  -grauulite,  2  ; 

schist,  1,  2. 

Quartzite,  1-5,  80,  95,  97,  98, 
102-107,  115,  118,  120,  121, 
125.    127-129,    132-134, 


136, 


100, 
124, 
138, 


149,  161. 

American,    11. 

-brick,  11. 


—  conglomeratic,  126. 

—  pebbles,   137,    170. 
schist,  165. 
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Quartzitic   sandstone,    1U8. 
'  Cjuaizstein,'   11. 
(jiiidlianiptoii,  4. 


R. 


RuLliolaruiu  chert,    107. 
liadley,    E.    G.,    vi. 
Kaisby,    197,  201,  203. 

—  Hill     Limestone    Co.,     Ltd., 

201. 
Raised  beaches,   102. 
Kandall,    J.,   95. 
liavenhead,   88. 

Sanitary  Pipe  and  Bvi<k 

Co.,  litd.,  87. 
'  R  '  Dinas  Works,  131. 
Reading  Beds.    lOo. 
'  Red  bed  '   (dolomite),  215,   210. 

(silica-rock),  135. 

Redbuni    Quarry,    58. 
Keilesdale,   08. 

limestone,  08. 

Redlake  Quarry,  95. 
Kfd  Limestone,  218. 
Rednal,  98. 

Hill,  100. 

Red  Rock    Fault,   84. 

Stone  Quarry,  218. 

Vein  Fault,  109. 

Reigate,  177. 
Renfrewshire,  176. 

■ sand,  193. 

Retford,  5. 

Rhaetic,  5,  138. 
Rhosesinor,  190. 
Rhosi^ili,  220. 
Ribdeii  Pits,    174. 
Ri<ldings,  09. 
Ridgeway,  09,   75,  70. 
Ridstlale,   (iS. 
Ripon,  197. 
Risca,   219,  223. 
Risliton   Colliery,   80. 
River   Drift  Mine,    93. 
River  Don,  23. 

Ellen,    91. 

Hipper,  73. 

Mellte,  11. 

Syohnant.  134. 

Sychrhyd.   11. 

Tawe,   137. 

Twrch.  132. 

Road  metal,  37,  95,  90,  100-103,  110, 

12C. 
Roberts  &  Maginnis,  111-113,  115. 
Rochdal.',  87. 

Roche  Abbey  Quarry,  207. 
Rochester,  4. 
Romaldkirk,  37,   30,   57. 
Romantic  Rocks,  213. 
Rookhope,  37-39. 

quarry,  GO. 

Rootlets,  3. 


Ruthwell,   J.  &   S.,  Ltd.,  88. 

'  Rottt-nstone,'   214. 

Roughcastle  Mine,  144. 

Rough  Rock,  31,  32,  09,   70,  70,  77, 

81. 
'  Rough  Sand,'  170. 
Round  Hill,  212. 
Routledge,    James,   &  Co.,   209. 
Rowley,  0,  53,  55. 
Rowley's  Quariy,   31. 
Royd  Edge  Canister  Mine,   27. 
Roydon    Common,    180. 
Ruabon,  108. 
Ruadha    Mail,    162. 
Ruadh  Cladaich,  163. 
Rubery,    100,    101. 

Hill,  98,   100. 

Quarry,    99. 

Rudyard,  80. 
Rushton,  85. 
Rushton   James,  80. 
Ruspidge,  218. 
Russell,  F.,   vi.,  70. 
Rye,  4. 


s. 

Sabden  Valley,  80. 
Saddleworth,    14. 
Salachan    Burn,  225. 
Salter  Lane,  213. 
Sand,  5,   132.  133,  140. 

argillaceous,  5. 

'  best   whit^','  184. 

'  bird,'   183. 

'  brown,'   120. 

Sand,  building,  180,   184. 

'  compo,'   183; 

'dark  brown,'   179; 

filter,   183; 

'  filter-bed,'   180; 

— ^ 'fine  silica-sand,'  189; 

(for    hearths),     97.    98,    124, 

127,  137,   170,   190; 
(for  polishing),   104; 

(for  lottery  clay),   104; 

(for   scouring),   99; 

(for   silica-brick),    125; 

(for  soap),   104  ; 

glass,  183,  185,  187,  192.  104, 

196; 

'  green,'  194, 

'horticultural,'   183; 

'  lemon,'   183; 

'  light -brown,'  179  ; 

Lower  F.stuarine,   14  ; 

moiU<ling,  185,  186,  192,  194  ; 

North    Wales,   189; 

'oxide,'   179; 

'  pink,'  183; 

pit,  168,   171  ; 

Pwll-Bvfre,   126; 

Toryfoel.   125; 

-  -     —  pocket,  1(58; 
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Sand,   'rough  silica-sand,'   189;  , 

sand-blast,   183 ; 

'  screened   gravel   grit, '    183 ; 

'  second  white,'  184; 

'  silica-i>and,'   189; 

'silver,'   122,  126,    180-183; 

steel-moulding,  169 ; 

'  washed     and     sift«d    silver 

sand,'  182; 
washed    silver-sand,    182; 

'  washed  white,'  179. 

'  white,'  131,  179. 

Sandringham  Sands,  178,  180. 
Sandstone,  1,  2,  3,  13,  124,  130; 

felspathic,    90,   92 ; 

(for  blast  -    furnace 

blocks),  118; 

siliceous,  157. 

Sandy  Carr,  36,  39 ; 
Ganister      and       Sand- 
stone  Quariy,  66. 

Sankey  &  Hall,  83. 
Sanquhar  Coalfield,    159. 
S<arsen  Stones,  105. 
Satley,  36,   38. 
Sawfieldhead  Quarry,    44. 
Scar   Limestone,   34,  37,    66. 
Schofield,  J.,  87. 
Scotland   dolomite,    224. 

ground  ganister,  14 ; 

sands,   192; 

silica-bricks,  10 ; 

— — silica-rock,    140. 

Scott,   Dr.    A.,  vi., 

'  Scouring  Sand,'  99. 

'  Scourstone,'  49. 

Screening  (ganister),   8. 

Seaham  Harbour,  210. 

Searle,  A.  B.,  8. 

Seat-earth,  3. 

Seaton  Moor  Colliery,  89. 

Seaver,    K.,     11. 

'  Second-silica-brick,'  7,  9,  10. 

'  Seggar,'  45. 

Selby,  5. 

'  Senii-ganister-brick,'    10,    72,   74. 

Seven-Foot  Fireclaj^  13. 

Severn  Works,  218. 

Shack-leton  Holmes,    86. 

Shale,   10; 

(as  binder),   130. 

Shaiikvamuir,  149. 
Sliaw  Bank,   85. 
Shaw,  T.,    87. 
Sheffield,    19,    31. 

— blue  ganister,   28,  34,  71 ; 

district,  6-9,   12,  13,  15 ; 

canister,   18,  69,   74,  77. 

Shenley  Hill,   181-184. 
Sherlock,    R.   L.,  v. 
Shields,  J.  G.,  213. 
Shireoaks,  204.  205. 
Shore  flints,  4. 
Shoreham,  4. 
Shropshire,  5,  6. 
dolomite,  211. 


Shropshire  silica-rock,  95. 
Sibly,  T.  F.,  217,  219. 
Siddal  Quarry,  30. 
Siddons,  26. 
Silica,  1. 
Silica-brick,   10,  11 ; 

materials  for,  1 ; 

— •  i:)reparation  of  tlie  stone 

for,  7 ; 

Scotland,  149. 

Silica  Cement,  14,  84,  124,  127,  130, 
138,  139,  188. 

clay,   12,  42; 


Silica,  colloidal,  4; 

cryptocrvstalline,  4 ; 

Fire  Brick   Co.,   12,  21,  24; 

flour,  96,  108,  120,  121,  190, 

191. 

material,  10. 

paint,  122  ; 

rock,  3,  5,  35-37,   39,  5(3,  57, 

86. 

(brushing),  7; 

■ (calcining),   7 ; 

(grinding),  7; 

(screening),  7 ; 

(.spraying),  7. 

sand,   41,   84,   122,  126,   128- 

132,  135. 
'  Silica  seam,'  135. 
Silica,   secondary,  2 ; 

stone,  107 ; 

'  Silica,'  trade  mark,  22. 

Siliceous  brick,  3,  10,  101,  lOo,  173 ; 

■ •  conglomerate,   161  ; 

firebrick,   101,   169; 

fireclay,  3 ; 

material,    10 ; 

sandstones,  80 ; 

Scotland,       146, 

156; 


sinter,  1. 

Silicosis,  9. 
Silkstone  Coal,    15. 
Sills,  58,  104; 

W.,  208. 

Silurian,  11,  100. 

Silver   sand,    122,   126.  180-183. 

Skegby,  208. 

Skelderskew  Moor,  40. 

Skipton,  198. 

Skirethorns,  211,  212. 

Skythorns,  211. 

'  Slate-sill,'  58. 

Slatyband  Ironstone,  145. 

Slebech,  219. 

Slotburn  Brickworks,   68. 

Smart.  H.   &  H.   E.,  131. 

Smelt  Pit,  117. 

Smethwick,  101. 

Smith,  B.,  V. 

— - —  J.  P.,  97. 

Smith's  Quarry,  97. 

Smithstone  Quarry,  158. 

Snead,  95. 
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Sneyd  Collieries,  Ltd.,  85. 

Soap  (sand   for),   119,    ](i4,   191. 

S(ift  Bt>d  Coal,  15,  19. 

'  Soft-rock,'    sheared   quarlzite,    121. 

South  Cave,  17U,  18U. 

Lancashire,   8G. 

Shields,    197,    210. 

Staffoixlshire,  silica-rock,  98. 

Wales,  5,  (J,   8,  13,  102; 

crusheil  silica-rock,  170, 

•187; 

doloniilo,  198,  219; 

plastic-clay,   149; 

Portland      Cement     & 

Lime  Co.,  Ltd.,  21 S; 
South  Wales  silica-rock,  123. 
South  Wingfiehl,    70,   79. 
Soulhwood  Jones  &  Co.,  Ltd.,  223; 

—  Kig,  iw;. 

'  Spar,'  120. 
Spennymoor,  G7. 
Split  Coal,  82. 
Spixldin    Valley,    80. 
Spraying  (silica-rock),  7. 
Sputie  (,)iiarry,    190. 
Staffordshire,    pocket   deposits,    109, 
174. 

bilica-rock,    98. 

Stalybridge,  87. 

Standard  Specification,  10. 

Stanhope,  3(),  40,  53. 

Steel   Company   of   Scotland,    193. 
SteeJ-furnace  sand,  170; 

moulding;  sand,    148,    l(j9. 

Steetley.  197. 

Lime  Co.,  Ltd.,  202-205. 

Stein,  J.  G.,  tV:  Co.,  144,  154,  104. 
Stephens  &  Co.,  129,  131,  187. 
Stevenston,   155,  158. 

St.    Helens  Colliery,   89. 

'  Stinker  '  dolomite,  215,   210. 

Stinking  Coal.  82. 

Stiperstones,  95,  97. 

Stirlingshire,   140,  141. 

St.  John's  Chapel,  37,  39,  58. 

Quarry,  05. 

Stocksbridge,   17,  26. 
Stockton,  41. 

St^xUlanl,   J.   A:  Sons,   191. 
Stone  Lane  i*it,   183. 

Sand  Pit,  184. 

Stoneyford  Lane  Quarry,  208. 
Stoney  Hill,  90. 
Stoop-and-room,  7,  141,  192. 
Stormy  Diiias  Sili«-a  Quarrit's,   138. 
Stormy   Down,  138. 
Storrs  Bridge,    17. 
Storrs  Village,  21. 
Stourbridge,"^  98,  100.   KM. 
Slrahan,  Sii'  A.,  vi. 
Strawberry  Lane  Mine,   71. 
St  roiu'huillin,   105. 
Stuartfield  Ix>dge,  0,  3(5,  38,  39,  40, 
47; 

P  1  a  n  t  a  t  i  o  n 

Quarry,  45. 


Co., 


Stubbin,  22,  24. 

Mine,  17,  24. 

Sun  Bank  Halt,  111. 
Sunderland,  08,  211 ; 

(Jleugh    Canister 

37,  00. 
Surrey,  177. 

Sutherlandsihire  sand,   190. 
Sutton  Common,  80. 
Swaledale,  38. 
Swallow  Craig,  159. 
Swann,    Ratcliffe  &  Co.,  Ltd.,   173, 

212. 
Swan.scombe,  4. 
Swansea,    123,    124,   220. 
Sweet  Coal,  82. 

-  Seam  Fireclay,    14. 
Sychnant,  Kiver,   134. 
Sychrhyd,  River,  11. 
'  SY,'    tra<lemark,   135. 


'I'afl's  Well,  219,  220. 

Taff  Valley,  219,  220. 

Talc,  8. 

Tansley,  78. 

Tarbert,  105. 

Tar,  binder,   13. 

'  Tawe  '  brand,  137, 

Tawe  Clay  works  Co.,  136. 

Tawe,  River,  137. 

Teesdale,    35,   37,   38,    57. 

Templeton,  124. 

Dinas   Silica   liiick    an<l 

Cement  Co.,  Lttl.,  138. 
Ten  Quarters  Coal,   89. 
Tertiary,   5,    105. 
Thame  Valley,  183,  184. 
Thames   flints,  149. 
I'liird  Crit,  80,   84. 
Thirty-six   Yards  Band  Coiil,   31. 

Rock,  30,  31. 

two  Yards  Rock,  13,  32-33. 

Tliixendale,   4. 
Thomas,   H.  H.,  vi. 

J.,  222. 

W.  O.,  191. 

I'liorniiouso  Lane,  25. 
Tliornhurst  Quarry,   17. 
Thornton,  J.  iV  T.,  195. 
Thive   Yard  Lime6t<>ne,  37,  04,  05. 
Threshfield  Quarries,   211. 
Thurston  Clough  C'bal  and  Fii'eclay 

Mine,  87. 
Tidy  Brick.   Potlerv  and  Cla/e  Oo., 

L'til.,   120. 
Timmis  iVj  Co.,    102. 
Tirydail,  134. 
Todd.  A.,   47. 

Toild's  Quarry,  3ti,   38,   39.  4().   47. 
Tonge,  214. 

T(>n-v-i:ilfach  (^)uarry.  13(). 
Top   I'neclay.    141,   142,   140. 
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Top  R'hos.  108. 
'  To[)   Shell  '   (dolomite),   203. 
'rorbandiill.   140,    140. 
'I'orvfoel  (t>uairy,  12o. 
Totiey,  70,  71. 

Gaiiihter  Mine,  17,  72. 

Toward   Point,  225. 

Tow   Law,  13,   38,  39,   o2. 

ganister,  50. 

Town  end,  20. 

Traigh  nan   Feannaig,   1()2. 

Treading  8. 

Trevor,  lOG,  108. 

Rocks  Quarry,  111. 

Triassic  rocks,  o,  123,  190. 

Tryddyn,  108. 

Tube-mill  liners,    120. 

Tudhoe    Colliery    Firebrick    Works, 

G7. 
'  Tumblers,'  55. 
Tun.shill,  87. 
Tupton  Rock,  69,  71. 
Turnbull,  G.,  &  Co.,  142. 
Turner,  — ,  26. 
Turner  &  Bradbury,  78. 
Turner,  James,  Sz  Sons,  207. 
Tuttle  Hill  Quartzite,  102. 
Twrch,   River,   132. 
Twyn-y-Dinas  Fault,   221. 
Tyndrum,   165. 
Tvnedale,  35. 


U. 


Undersett  Limestone,    37,  38,    03. 
United  Collieries,  Ltd.,  14C. 
United  Silica  Co.,  120. 
Uiiholland,  87. 
Uplawmuir,  193. 
Upper  Band  Coal,  31. 

Cwm twrch,  137. 

Estuarine    Sands,    17G,    185, 

187; 

Series,     40-42,     44, 
185,  187. 

-  Fireclay,  140,  141,  145. 

-  (iornal,  98. 

-  Greensand,  4  ; 

-  Limestone  Grou}),  156; 

-  Llandovery,    100; 

-  Loads,    Canister    Mine,     73, 
78. 

-  ^lountain  ]\line  Fireclay,  88. 


Valc 


of  Clwyd,  214  ; 
-  Xeath,   124; 

Dinas    Firebrick    and 
Cement    Co.,     Ltd., 
134; 
124. 
220. 


Tawe. 

Vaughaii,  A. 
Vaults,  1.55. 


Vein  quartz,   1 
Vuarage  Halt,    110 
Vogrie,  153,   151. 


w. 

Wadsley  Common,  22,  26; 

Mine,  17,  24. 

Waen,   120,    189. 

Waen  Silica   Sand  Co.',  189. 

Wales,   (see   North  and   South). 

Walker,  J.    F.,  182. 

Walter's  Ash,  105. 

Ward,  H.  D.,  46. 

Wardle  Valley,  86. 

Ward's  Quariy,  36,  38,  39. 

Warmden  Rock,  88. 

Warmsworth   Cliff  Quarries,  206 ; 

Crags,  204. 

Warner  &  Co.,  208. 
Warren  Pit,  178. 
Warwickshire,    5,   6; 

— silica-rock,    95,    102. 

Washer  for  silica-rock,  7,    116. 
Waslimere  Mine,  169; 

sandpit,  172. 

Waskerley,  53. 

Waterfall  Clough,  22. 

Waterfield,  Mr.,  99. 

Water-glass,  8. 

Waveland  Farm,  179. 

Weardale,   6,   35,  38,  43. 

Weardale  Steel,  Coal  and  Coke  Co., 

Ltd.,  67. 
Wearhead,   35,  37.  62,    64,    68. 

Canister  Co.,  65. 

Weatheihill  Quarrv,   36,    67. 
Weaver   Hills,   169." 
Wedd,   C.    B..  iii.,   v. 
Wellington,  95. 
Welsh  Silica  Co.,  119. 
AVenslev   (Derbvshire),  213. 
Wensleydale,  35,  37,   63. 
Wensley  Canister  Co.,   63. 

■ Rock,  37-39. 

Wepre  Brook  Works,  119. 
West  Butsfield.  6,  36,  39,  &L 

Quarries,   54. 

AV ester  Hollow   Mines,  169. 
Westgate,  37,  65. 

Quarrj',  65. 

West  Houses,  154. 

Hunwick  Colliery,  67. 

Thurrock,  4. 

AVitton       Canister      Firebrick 

Co.,  Ltd.,  67. 
Wet-grinding.  7. 
Wethered,E.,    218. 
Weybridge,  177. 
AVharnclTffe  Bearing,  17,  23 ; 

—  quarry,    17  ; 

Edge  Rock,  18; 

— Mine,    17.  23,   24; 

AVoodend,  17,  22,  24. 

AVheatsheaf   AVorks,   116. 


INDEX. 
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'  VVIuii-dykes,'  192. 

Wliin  Sill,  60. 

Whinstone  Co.,  60. 

Whitburn,  140,  140. 

Whiti-,   A.    L..  130. 

White  Car  Fireclay,  18,  26. 

White  Clay,   19. 

'  White  flint,'  30,  37,  39-44, 

— quarry,  43. 

Whitehaven,   90; 

— . Basic  Co. ,   214  ; 

Quarry,  214,  215. 

Whitehead    Limestone,  217. 

Whiteley,  G.  H.,  28. 

White   Limestone,   214. 

'  W^hite  Seam,'  135. 

Wigan,  86. 

Wikl  William,  &  Sons,    121. 

Williams;)n.    Sir   Hedworth,   211. 

Williams's  Quarry,  215. 

Wilson.   G.    v.,   vi.,    196. 

W^indmiU  Hill   Quarries,    102,    104  ; 

Pit,   184. 

Win<j;erworMi,  78. 

Wingfield  Park.  70. 

Winster,  108,  213. 

Wisconsin,  11. 

Wisew<X)d,  20. 

Witton   Firebrick    Co.,    Ltd..   08. 

Woburn.  180,  183. 

Wolsingham,  36,  46,  47,  50,  56.  67. 

Wolverhampton,  95. 

Wootlburn,  68. 

Wood  Drift  Mine.  93. 

Woodend  ^line,  17,  19,  20. 

Woodlands  Farm,  96. 


Woodland  View,  20. 
Worcestershire,  5  ; 

■  silica-ruck 

Workington,  90. 
Worksop,   177,  197,  204. 
Worms  Head,  220. 
Worrall,   24; 

Mine,  17. 

Worrall  Moor,  22. 
W'orthington,  213. 
Wragg,  2<j. 

Wright,  Kdward.  A  Co.,  73. 
W.W.G.F  brand,  67. 
Wvthemoor  Collierv,  92. 


Yarmouth,   176. 
'  Yellow  Ix'd,'    135; 

loam, ^-42,  43; 

— —  sands,  200,  202. 
Ynyscu,  137. 
Yoredale.  rocks,  14. 
Yorkshire,  5-10,  13, 

Basit:  Co. 

'■ — ■ dolomite. 


95,  98. 


15; 

,    Ltd..    204; 
198,    205; 

7*—  sand,  185  ; 

Silica  Fire  Brick   Work^ 

21; 

Silica-rock,   15,   34,    35. 

Youigreave,  168. 
Young,  W.  Weston,  12. 
Ystalyfera.  137. 
Ystradinnlais,  132. 


Printed  under  tho  authority  of  His  Majksty's  Stationkuy  Officb, 
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ONE-INCH   MAP,  OLD  SERIES    (1  inch  to  the  mile,  or  1  to  (J3360;. 

No8.  1  to  110,  which  have  not  yet  been  replacc^l  by  Xew  Series  Maps,  are' iwued  as  whole  Bheets  and 
quarter-sheets,  hand-coloureJ,  in  either  a  "Solid"  or  a  '•Drift"  edition,  or  in  both.  For  Memoirs  on  Old 
Series  Maps,  lee  below. 

SIX-INCH    MAP   (6  inches  to  the  mile  or  I  to  10.j>0). 

of  the  Six  N'urtlicrn  Counties  weru  published  on  the  six-inch  scale  prior  to  1880.  Large  parts  of  the 
1^  of  .South  Wales,  North  Staffordshire,  Lei'^estershire,  Derbyshire  and  Nottinghamshire,  and  the 
District  of  Coinwall,  have  been  publishnd  on  that  scale  since  1903.     Sheets  publi.shed  since   isios  cm  be 

T.ro'.urL-d  with  the  Geoloj-'ii-al  lines,  unwiloured  \s.  litl.  each  quarter-sheet,  or  coloured,  at  the  cost  of  colouring. 

Some  are  issued  in  both  a  "  Drift"  and  "S>lid"  edition. 
Six-inch  maps   which  li;ive  not  been  published  of  areas  (reoloirically  surveyed  on   this  scale,  are   deposited   in 

MS.  in  the  Geological  Sur\-ey  Office,   where  they  can  be  consulted,  or  copied  if  desired,  at  the  co-it  of  drawing 

and  colouring. 

HORIZONTAL   SECTIONS.  VERTICAL  SECTIONS. 

1  to  UO,  146  to  U8,  1  to  90. 

SHEET   MEMOIRS  OF  OLD   SERIES   MAPS. 

34     PAKTS  of  WILIS  and   OLOUCESTERSHIRK.      By   A.  C.    Kam«\y,   W.   T.    Avki.ise  and   E. 

llLI.I..     Srf. 

44     CHELTK.\JI.\M.     By  E.  Iln-L.     2f.  6/f. 

4i  ISANBURY,  WOODSI'OOK,  and  BUCKINGHAM.     By  A.  11.  GnrFN.     2s. 

4.0  SW         ,.     WOODSTOCK.     Bv  K.  IIii.i..     1». 

47  N.W.    ESSEX   ami    N.E.    HERTS.      By    W.    Whitaker,    W.    II.    Prsni.ng,  W.  H.   Dai.tos,  and 

F.  J.  Bk.skkh.     2».  ad. 

48  SW       ...     COLCHESTEK.     Bv  W.  It.  Dalton.     \a.  6d. 

48  NW,  NE    IPSWICH,    IIADl/EIGH,   and  FELIXSTOWE.      By  W.  Whitaker,  W.  H.  Dalton,  and  F.  J. 
Bknxett.     24. 

48  SE         ...     EASTERN  END  of  E.SSEX  rWALTOV  NAZE  and  HARWICH  .    Bv  W.  Whitakrr.    Od. 

49  S,  50  SE    ALDBOROUGH,  A:c.     By  W.  II.  Dai.ton.     Edited,  with  additions,  by  W.  Whitaker.     U. 
4y  X  ...     .SOUTilWOLlJ.     Bv  W.  WiiiTAKKn,  2?.  fi/f. 

•   v\^'  UI.SS,  EYE,  &c.     Bv  E.  J.  Bk.^.sett.     2«. 

HAI.KSWORTH  and  HARLESTOV.     By  W.  Whitakhh  and  W.  IL  Dai.to.n.     It. 
SIOW.MARKET.     By  W.  Wicitakkii,  F.  .1.  Bksnf.tt,  and  J.  H.  Blakk.     :«. 
PARTS  of  CAMBRIDGESHIRE  and  SUFFOLK.     By  W.  Whitakkr  rand  Others).    2f. 
BURY    ST**  EDMUNDS    and    NEWMARKET.      By    F.    J.    Bksnktt,    J.  U.   Blakk,    and   W. 
Wiiitakkd.     It. 
^!  PART  of  NORTHAMPTONSHIRE.     By  W.  T.  Avemsk  and  Richarh  Trench.    8rf. 

S.W.    NORFOLK   and   N.   CAMUS.     By  W.  Whitaker,  S.  B.  J.  Skkbtchi.t,  and  A.  J.  J  ikes- 
Brown  k.     3t. 
ATI'LH!'.uR')IJOir.     Bv  F.  .T.  Bennett.     U.  6d. 
E.   DEUliillAM.     By  J.'  H.   Bi.ake.     U.  tid. 
YAKMOUl'H  and  LOWESTOFT.     By  J.  H.  Blake.     2j. 
FAKEXHA.M,  WELLS,  &c.    By  H.  B.  Woodwah).     2s. 
CROMER.     Bv  C.  Reii».     6». 

BONDERS  OF  THE  WASH.  By  W.  Whitaker  and  A.  J.  Jikes-Browse.  :i-. 
S.W.  LINCOLNSHIRE,  &c.  Bv  A.  J.  Jukes-Browne  and  W.  H.  Dalton.  is. 
NOrriNGHA.M.     By  W.  T.  Avei.ine.     (2ud  Ed.)     1». 

RHYL,   ABERGELE,   and  COLWYN.     By  A.  Stkahan.     (Notes  by  K.  H.  Tidueman.;     1*.  6<f. 
FLINT,    MOLO,    and    RUTHIN.     By.   A.   Steak \n.     (Parts  by   C.    E.   De   Rance.)     it.   6d. 
Supplement  2d. 
...     PRESCO  I,  LANCASHIRE.    By  E.  Hull.     {3rd  Ed.)     With  additions  by  A.  Strahan.    3a. 
...     CHESTER.     Bv  A.  Siiiahan.     2s. 
V,  SW    SrOCKl'ORP,  MArCLESFIELI),  CONOLETON  and  LEEK.    By  E.  Hull  and  A.  H.  Gbcek.    it. 
-  :.l,  PARTS 'of  NOTTINGHAMSHIRE,    YORKSHIRE,   and  DERBYSHIRE.       (2nd  Ed.)      By  W. 

82  SE  PARIS  of  NOrriNGHAMSHIRE  and  DERBYSHIRE.     By  W.  T.  Aveline.    (2nd  Ed.)    6rf. 

s^  LINCOLN.     Bv  W.  A.  E.  Ussiikr,  A.  J.  Jikes-Bhowne,  and  A.  Str-Uiam.    3*. 

EAST  LlXCOtVSIIIRE.     By  A.  J.  Jukes-Brownk.     3*.  6rf. 

N.  LINCOLNSHIRE  and  .S.   YORKSHIRE.     By  A.  W.  E.  UssKEtf  (and  Others),    it. 
WAKEFIELD  and  PONTEFR.\Cr.     By  A.  H.  Geeen.     6d. 
BARXSLEY.-  By  A.  H.  Orekn.    9rf. 

DEWSBITRY,  &c.     By  A.  H.  Green,  J.  R.  Dakvns,  J.  0.  Wahu,  and  R.  Russell.     6rf. 
OLDHAM.     By  E.  Hui.i..     2*. 
A  COUNl  BY  between  BLACKPOOL  and  FLEETWOOD.    By  C.  E.  De  Ranck.     6rf. 

BRADl-oRD   and   SKIPTON.     By   J.   R.   Dakvnw,   C.   Fox-Stra noways,   R.   Rcssbi.l,   and  W. 
U.   Dalton.     6rf. 
93  NE        ...     COUNIRY  between  YORK  and  M.VLTON.    By  C.  Fox-Stranowats.     \t.  6d. 
53SE.948W    COUNTRY  between   Y'ORK  and   HULL.      By  J.   R.   Dakvns,   C.   Fox-Sthanoways,  and  A.  C. 
G.  Cameron.     1».  6d.  ^ 

DRIKl  lELI).     Bv  J.  R.  Dakvns  and  C.  Fox-Stkanoways.     'Jd. 
BBIDLIXGTON  BAY.     Bv  J.  R.  Dakyns  and  C.  Fox-Stranowavs.     la. 
J.       .,        .     (  WHITBY   and   SCARBOROUGH,   country   between.      By  C.  Fox-Stranoways  and  O.  Bawiow. 
...  j      (2nd  Kd.,     2t.  6d. 

SE    SCARBOUOUGH  and  FLAMBOROUGH  HEAD.     By  C.  Fox-Steanoway^.     (2nd  Ed.)    ii.  6d. 
...     ESKI).\LE,  ROSEDALE,  &c.     By  C.  Fox-Stkanoways.  C.  Rkib,  and  O.  Barrow.     1*.  M. 
9U  NW,  SW    NORTIIALLERION    and    THIRSK.      By    C.    Fox-Stbanoways,    A.    6.    0.    Camkrok,    and 
O.  Barrow.     \t.  (id. 
...    NEW  MALIGN,  PICKERING,  and  HELMSLEY.     By  C.  Fox-Stranoways.     U. 
...     MALLERSTAXG.     By  J.  R.  Dakyns,  R.  H.  TmnEMAN  land  Others).     3s.  6d. 
...     lNGLKIu»ROUGH.     By  J.  H.  Dakyns,  R.   II.  Tiddeman.  W.  Gi  nn,  and  A.  Strahan.     2j. 
...     KEND.\L.     Bv  W.  T.  Avei.ine  and  T.  McK.  Huohes.    2nd  Ed.  by  A.  Strahan.     2t. 
...     APPLEBY,   I/LLSWATER,   &c.      By  J.  R.   Dakvns,  R.  H.   Tiodeman,  and  J.  O.  Goouchild. 

Is.  6<l. 
SE    NORTH  CLEVEL.\NI).     By  G.  Barrow.     If.  6rf. 
...     CARLISLE.     Bv  T.  V.  Holmes.     It.  3d. 
...    CHEVIOT  HILLS.     By  C.  T.  Ci.ouon.     Is.  6rf. 
I'LASHETTS  and  KIELDER.     Bv  C.  T.  Ci.ouoh. 
orriUBURN  and  ELSDOX      Bv  Huoh  Miller.     2s.  6d. 
NOUHaM  and  TWEKDMOUTH.     BvW.  Ginn.     Orf. 
(OAST  SOUTH  of  BERWICK-ON-TWEEI).     By  W.  Gunn.    9(f. 
WOOLER  and  COLDSTREAM.     Bv  W.  Gunn  and  C.  T.  Ci.ouoh.     1.«.  erf. 
BELFORD,  HOLY  ID.  and  FARNE  ISLANDS.     By  W.  Gunn.     2».  6rf. 
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^  QEHEBAL.   MEMOIRS. 

SrN-MARY   Ol'   I'HOOHKSS   OF  TUE  OhOLOulCAX,   SUKVKV  lor  in;-,   lo   i:ii  ).    i-ach   I; 

"for  1917,  2».;   tor  I'Jib,    2».  Crf.  ,_      ,      „    „  .      ., 

PLIOCENE  UKrOSnS  OK  BRITAIN.     1^?  ,<^-/'V'Vtt?*,\  "^f  vn  TIPPVH    rKFKNSVXI.   . 
puPTVPi-nTTS   HOOKS   (>!•"  BRITAIN.     \ol.   I.   OAUIjI    A>D    UPPER    OKtEHHAAH   <- 
Vo)li    LOWER  AM.   MIDULE  CHALK.     :o..     Vol.    III.   Uin>I.R   CHALK      10,. 

ITTRA^C^ ROCKS   Of'bKITAIN.     Vol  1.  VORKSHIRE.     8;-.  firf.    Vol.  II.  VORK9U1BI 

cfot^S^KANowA^Ns.    Vol     III.     LIAS  OF   l.NGLAND   (Yorkshire   exoepied).     7».   erf. 

wAKi)       Vol"  IV.  The  Lower  Oolitic  Rocks  ot  EngluJM.     10...     By  U.  B.  Woouward. 

ur.H  TTtiipr  ()..litic  Rocks  Ot  Eiicland.     7.t.  «</.    By  H.  B.  Woouwabi). 
TniCK>Ys^^ES  OK  sS^^^  COUNTIES   OF  ENGLAND  AND  W.VLESi  EXC 

OLDER  Tll.AX  Tin:. PERMIAN.     4.i.  Grf. 

DISTRICT  MEMOIRS. 

MLMOJl:.-    jt   t>a    (iliOLOGICAL  STTRVEY  OF  GREAT   BRITAI>' 
Bfciik  uud  Oil«.«.     21».     Vol.  II.  i'aii  1,  MALVERN  HILLS. 
2U.      Vol.  HI.  N.  WALES.      By  Sin  A.   0.   Ramsay.      App.,  by 

GUIDE    to'  GEOLOGICAL    MODEL  OF  THE  ASSYNT  MOUNTAINS. 

COIliRIDGE.    By  W.  U.  Pks.sing  and  A.  J.  Jikks-IJkow.vk.    4*.  Grf. 
CORNWALL,  DEVON,  AND  WEST  SOMERSET.     INDEX  to  Dk  La  Bechk*! 
DERBYSHIRE,   xSORTH.      Hy   A.   H.  Gbkkn,  C.  Lk  N>:vk  Foutkr  and  J.  R 

FALMOUTiriND  'rRintOAND   MINING  DISTRICT  OF   CAMBORNE  AND  REDRT-:i!       1 

and  D.  A..  MacAlibikk.     l-i.  Gd. 
F"ENLAND.    By  S.  B.  J.  Skkr;ichi.y.     .Ws.  (W. 
HOLDhRXES.S.     By  C.  Rkiu.    4(t. 
ISLE  OF  MAN.     bv  G.  W.  Lami-i.i  on.     12s. 

TERTIARY  FLUViO-MARINE  FOKMATION  of  the  I8IJ5  OF  WIGHT.     By  Ei>waki>  Pobbes 
ISLE  OF  WIGHT      By  H.  W.  Brimow.    New  Ed.     By  C.  Rkid  and  A.  Strahax.    8*.  6«. 
GUIDE  TO  GEOLOGICAL  MODEL  OF.lNGLEBOROUfiH  DISTRICT.    By  A.  StrahaS.    id. 
ISLE  OF  I'URBEeK  AND  Wt-YMOinil.    Ry  A.  Straiian.     lO.f.  6rf. 
GUIDE  TO  GLOLOGlCAl,  MODEL  OF  ISLE  OF  PURBECK.    By  A.  Strahan.    6rf. 
KENT,  ON  TTLfc:  MESOZOIC  ROCKS  IN  SOME  OF  THE  COAL  EXi'LOKATIONS  IN.    By  G 

and  F.  L.  KnciuN.     3.-.  M.  ,    ,     ,„ 

LAKE  DISTRiCr.  NORITIKKN  PART  OF.     By  J.  C.  Ward.     'J,->. 

L.VNCASHlRE,  .-UJhKl- JCIAL  DEIOSI I  8  OF  SOUTH  WEST.     By  C.  E.  Dk  Basce.     10*.  V 
LONDON  AND  I'AkT  OF  THE  THAMES  VALLEY.    By  W.  Whitakkb.     Vol.  I  .  Bj.     Vol. 
LYMINGTON  AND  POliTSMOUTH.     Bv  II.  J.  Osbok.nk  Whitk.     1«.  6rf. 
MIDLAND  COUNTIES,  TRlASSiC  and  PERMIAN  ROCKS  of  the.     By  E.  IIi-l.!.. 
NOKl  OLK  and  SUFFOLK,  VERTEBRATA  of  the  FOREST  BED  SERIES  of.     1:^ 
NORWICH.  .  By  H.  B.  Wocidwaru.    7s. 
RUTI  AND,  &c.    By  J.  W.  Jcbk.    12».  Gd. 

Colli  Fields : — 
Y'ORKSUIRE  COALFTELD.    By  A.  H.  Grkkn,  K.  Rrsstxi,  (and  Others). 
YORKSHIRE  an.l  N0rriNGHA3lSHIRE,  CONCEALED  COALFIELD  of, 
E-'VST  SOMERSET  and  URISTOL  COAI.l'lEEDS.     By  H.  B.  Wooj.wauI). 
WAKWICK-SHJRE  COALFIELD.     By  H.  H    HoWF.i.t,.     Is.  6rf. 

LEICESTERSHIRK  lud  SOUTH  DERUYSHIBE  COALFIELD.    By  C.  Fox-Str.km.u  a\ 
NOE'IU  STAFFORDSaiKE  COALFiELDf«.     By  W.  Gibson  (and  Others).    6«. 
SOUTH  "WALliS,  Coals  of.    By  A.  Strahan  and  "W.  Pollard.    2nd  Ed.    2s. 
SOUTH  WALES.    See  under  New  Series  Maps  an<l  Memoirij. 

Sanitation  and  Water  fiupply:— 
SOILS  AND  SUBSOILS  tiom  a  SANITARY  POINT  OF  VIEW.    By  Hi  B.  WoonwARi..    2iii  Ed.     i.».  (id.  . 
NOTES  on  SOURCES  of  TEMPORARY  ^ATER  SUPPLY  in  the  SOU  PH  of  ENGLAND  and  NEIOHBOUROC*' 

I'iVRTS  of  the  CONTINENT.     2rf. 
WATER  SUPPLY  irom  undergrouad  sources  of;— 
BEDtORDSHIRE      and     NORTH AMP-ION-   a.  d 


42s. 
By  W 
ISi. 


OXFORDSHIP.J: 
SUFFOLK 

SURREY'         

SUSSEX  

SCSSEX  (Siipplemept) 
YORKSHIRE,  EAST  RlDi: 


■■J.  iiAitBOW  and  L.  J.  Wii.i.e.    4*.  GiL 


SHIRE 

BEUKSHIRE...  

ESSEX 

HAMPSHIRE  (including  Isle  ot  Wight^ 

KENT 

LINCOLNSHIRE     

KOTXINGH^UMSHIRE      

I'ECOKDS  OF  LONDON  WKLLs.     i... 

Mvset'.in  Vntulognes: — 
HANDBOOK  10  BRITISH  MINERALS.    By  F.  "W.  Rudlkr  (and  Others).     \s. 
GUIDE  TO  THE  COLLECTION  OF   GEMSTONES   IN  THE  MUSEUM   OF   PRACTICAL   GEOLOGY.     1 

W.  F.  P.  McLiMocK.     9rf. 
H  VNDBOOK  TO  THE  COLLE(  T'lON  OF  KAOLIN,  CHINA-CLAY' AND  CHINA-SIONE  IN  THE  MirSKl 

OF  PRACTICAL  GEOH>GY'.     By  J.  Ai.i.k.n  Howk.     Zs.  Gd. 

.Special  Keports  on  the  Mineral  Resources  of  Great  Britain:— 
Vol..  1.    TUNGSTEN  AND  MANGANESE  ORES.     2ud  Ed.     1». 
Vol.  2.     BARYTKS  AND  WITHERITE.     2nd  Ed.     2s. 

Vol.  8.    GYP.SUM,  ANHYDRITE,  CELESTINE  AND  STRONTIANITE.    2nd  El.     2.v. 
Vol.  4.    FLUORSPAR.     2nd  Ed.    «rf. 
Vol.  5.    PoTASH-FELSPAR.    PHOSPHATE    OF    LIME,  AI.  'M   SHALES,   PLUMBAGO. 

MOLYBDENITE,  CHROMITE,  TALC  AND  STEATITE    SOAPSTONE,  SOAP-qflHbTI'  i'>n^ioSH^ 

DIATOM  ITE.     2nd  Ed.     1.? 
Vol.  G.    REIKACTOBY    MATERIALS:    GANISTER   AND   SILICA-ROCK,     .SAN 

STEEL  FURNACES,  DOLOMITE.     RESOURCES  AND  GEOLOGY.  2nd  Ed 
Vol.  7.    LIGNITES,  JETS,    KlMMERIDOE  OII..-SHAI^E,  MINERAL  OIL,  CAN 

GAS.    Part  I.— (ENGLAND  AND  WALES).    2*.  Ga.  ^"' 

Vol.  8.    IKON  ORES.     Ha-matite*  of  West  Cumberland.  Lancashire  and  the  Lake  Di^•.Iiet.    9*. 
Vol.  9.     IRON  ORES  (cont.) :  Sundry  Unbedded  Ores  of  Durham,  East  Cumbeilaud,  i*»th  Wal 

Isle  of  Man,  Bristol  Distnct  and  Somerset,  Devon  and  Cornwall.    3s.  Gd. 
Vol.  10.    IRON  ORES  {cont.)  :    The  Haematites  of  the  Forest  of  Dean  and  South  "Wales.    4*. 
Vol.11.     IRON  OkES  Ccanr.)  :  Tl>e  Ores  of  Scotland.     10.?. 

♦Vol.  12.    IRON  ORi.3   coui.) :  Bedded  Ores  of  the  Lias,  dditcs  and  later  Formations  in  England. 
•Vol.  13,     IRON  ORES  (lonf.) :  Pre-Carboniferous  and  i arboniferous  Bedded  Ores  of  England  and  "Wai 
•Vol.14.     REFRACTORY  MATERIALS  :  Firkclays.    Resources  and  Geologv. 
Vol.  15.    ARSENIC  AND  ANTIMONTT  ORES. 

•  In  preparation. 


J'.'.N-HEAitnC 

natui;a; 


